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B BURGDORFERI POLYPEPTIDES EXPRESSED IN VTVQ 

This invention was made with government support under Grant 
numbers AI30548, A126815, AI49387 and AR40452 awarded by National 
5 Institutes of Health. The government has certain rights in the invention. 

TFrCHNlCAIrFTFJ.D OF THE INVENTION 

This invention relates to compositions and methods useful for the 
prevention, diagnosis and treatment of Lyme disease. More particularly, this 
invention relates to novel B, burgdorferi polypeptides which are able to ebcit in a 

1 o treated animal, the formation of an immune response. This invention also relates to 
novel B. burgdorferi polypeptides that are expressed during infection of a host but 
are not expressed by B. burgdorferi in in vitro cuhure 

This invention also relates to muhicomponectt vaccines comprising 
one or more of the novel B. burgdorferi polypeptides. Also within the scope of this 

1 5 invention are DNA sequences encoding the novel B. burgdorferi polypeptides, 
antibodies directed against the novel polypeptides and diagnostic kits comprising 
the antibodies or the polypeptides Finally, this invention relates to novel methods 
for identifying bacterial genes that are selectively expressed in vivo 
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BACKGROUND QF THE INVENTION 

Lyme borrdiosis is the most common vector-borne infection in the 
United Sutes [SW. Bart hold, et a! , "An Animal Model For Lyme Arthritis", Ann 
NY Acad. Scl . 539, pp. 264-73 (1988)) It has been reported in every continent 
5 except Antarctica. The clinical hallmark of Lyme disease is an early expanding skin 
lesion known as erythema migrans, which may be followed weeks to months later 
by neurologic, cardiac, and joint abnormalities 

The causative agent of Lyme disease is a spirochete known as 
Horrelia burgdorferi, transmitted primarily by Ixodes ticks of the Ixodes nanus 

1 o complex B. burgdorferi has also been shown to be carried in other species of ticks 

and in mosquitoes and deer flies. But, it appears that only ticks of the /. nanus 
complex are able to transmit the disease to humans 

Lyme disease generally occurs in three stages Stage one involves 
localized skin lesions (erythema migrans) from which the spirochete is cultured 
15 more readily than at any other time dunng infection [B W Berger et al ., "Isolation 
.And Characterization Of The Lyme Disease Spirochete From The Skin Of Patients 
With Erythema Chronicum Migrans", J. Am. Acad Dermatol,. 3. pp 444-49 
(1985)] Flu-like or meningitis-like symptoms are common at this tune Stage two 
occurs within days or weeks, and involves spread of the spirochete through the 

2 o patient's blood or lymph to many difFerent sites in the body including the bram and 

joints Varied symptoms of this disseminated infection occur in the skin, nervous 
system, and musculoskeletal system, although they are typically intermittent 
Stage three, or late infection, is defined as persistent infection, and can be severely 
disabling Chronic arthritis, and syndromes of the central and peripheral nervous 
ih system appear during this stage, as a resuh of the ongoing infection and perhaps a 
resulting auto-immune disease [R Martin et al , "Borrelia burgdorfen-Spccific And 
Autoreactive T-Cell Lines From Cerebrospinal Fluid In Lyme Radicuk>myetrtis*\ 
Ann Neurol,, 24, pp 509-16 (1988)] 
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B. burgdorferi u much more difficult to culture from humans than 
from ticks Therefore, at present, Lyme disease is diagnosed primarily by serology 
The enzyme-linked immunosorbent assay (ELISA) is a frequently used method of 
detection Typically, sonicated whole cultured spirochetes are used as the antigen 
in such assays to detect anti-5. burgdorferi antibodies formed in the serum of 
infected individuals [IE. Craft et a! , The Antibody Response In Lyme Disease 
Evaluation Of Diagnostic Tests', I Infect I)k 149, pp 789-95 (1984)] 
However, false negative and, more commonly, false positive results are associated 
with currently available tests 

At present, all stages of Lyme disease are treated with antibiotics 
Treatment of early disease is usually effective However, the cardiac, arthritic, and 
nervous system disorders associated with the later stages often do not respond to 
therapy [A.C Steere, "Lyme Disease", New En g J 321, pp. 586-96 (1989)] 

Early intervention, thus, is crucial for effective therapy Accordingly, there exists 
an urgent need to identify immunogenic M. burgdorferi proteins that are expressed 
early in infection 

Like Treponema pallidum ^ which causes syphilis, and leptospirae, 
which cause an infectious jaundice, Borreha belong to the eubacterial phylum of 
spirochetes [A G Barbour and S F Hayes, "Biology Of Bon-elia Species", 
Microbial. RCV . 50, pp. 38 MOO (1986)] Borreha burgdorferi have a 
protoplasmic cylinder that is surrounded by a cell membrane, then by flagetla, and 
then by an outer membrane 

The B. burgdorferi outer surface proteins identified to date are 
believed to be lipoproteins, as demonstrated by labelling with f 3 H]palmitate [M E 
Brandt ct al , -Immunogenic Integral membrane Proteins of Borreha burgdorferi 
Are Lipoproteins", Infect, faMM,, 58, pp. 983-91 (1990)] The two major outer 
surface proteins are the 3 1 kDa outer-surface protein A (OspA) and the 34 kDa 
outer surface protein B (OspB) Both proteins have been shown to vary from 
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different isolates or from different passages of the same isolate as determined by 
their molecular weights and reactivity with monoclonal antibodies OspC is a 22 
kDa membrane lipoprotein previously identified as pC [R Fuchs et al., "Molecular 
Analysis and Expression of a Borrelia burgdorferi Gene Encoding a 22 kDa Protein 
(pC) in Escherichia coli\ Mol. MlCTPbioL 6, pp 503-09 (1992)] OspD is said to 
be preferentially expressed by low-passage, virulent strains of B. burgdorferi B3 1 
[S.J. Noms et al., M Low-Passage-Associated Proteins of Borrelia burgdorferi B3 1 
Characterization and Molecular Cloning of OspD, A Surfaced-Exposed, Plasmid- 
Encoded Lipoprotein*. Infect Immun 60, pp 4662-4672 (1992)] OspE, a 19 kD 
protein, is expressed early in infection while OspF, a 26 kD protein, is expressed at 
a later stage TT Lam et al., "Outer Surface Proteins E and F Of Borrelia 
burgdorferi, the Agent of Lyme Disease/' Infect Immun , 62, pp. 290-298 (1994)] 

Non-Osp B. burgdorferi proteins identified to date include the 41 
kDa flageliin protein, which is known to contain regions of homology with other 
bacterial flagellins (G S Gassman et al , "Analysis of the Borrelia burgdorferi 
GeHo fla Gene and Antigenic Characterization of Its Gene Product", J Bact^p o],, 
173, pp 1452-59 (1991)] and a 93 kDa protein said to be localized to the 
periplastic space [D J Volkman et al , "Characterization of an Immunoreactive 93 
kDa Core Protein of Borrelia burgdorferi With a Human IgG Monoclonal 
Antibody", J Immun 146, pp 3177-82 (1991)] 

B. burgdorferi is known to alter the antigens on its outer surface 
during different stages of its life cycle For example, OspC is not expressed by 
spirochetes within unfed ticks However, it is synthesized following engorgement 
and the introduction of a blood meal into the lumen of the tick's midgut. In 
contrast, OspA is a prominent surface antigen on spirochetes within the midguts of 
resting ticks As spirochetes migrate from the midgut to the salivary gland during 
the tick feeding, OspA expression decreases The downregulation of OspA within 
ticks allows spirochetes to survive in the presence of an OspA antibody response, 
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suggesting that selective antigen expression may be a mechanism by which B 
burgdorferi evade immune destruction 

It is known that the expression of other bacterial pathogen gene 
products is induced by environmental signals [J J Mekalanos, "Environmental 
5 SignaJ Controlling Expression of Virulence Determinants In Bacteria," J Bacterid! 
1 74, pp 1-7(1 992)] A similar induction of gene expression may occur in the 
infected host where specific external signals are present. Tfcis, to understand the 
mechanism of pathogenesis, it is important to identify genes that are expressed in 
the host but not in in vitrp culture and then to studv the fimrtinn nf tk- 

— j w * wt iv gVllb 

10 product 

A genetic system using Salmonella typhimunum has been developed 
to identify bacterial genes induced in vivp [M. J. Mahan et al "Selection of 
Bacterial Virulence Genes That Are Specifically Induced in Host Tissues," Sciftnc* 
259, pp 686-688 (1993)] However, this system may not be applied to pathogenic 

1 5 organisms for which a gene transfer system and a well-defined auxotroph are not 
available Such systems are unavailable in B. burgdorferi. Because effective 
treatment and prevention of Lyme disease requires an understanding of the 
mechanisms that allow B. burgdorferi to evade host defenses, cause disease and 
survive within the host, there is an urgent need for a method to identify B 

2 o burgdorferi genes that are selectively expressed in vivo 

The humoral response to B. burgdorferi antigens that are expressed 
only within the vertebrate host may aid in the serologic diagnosis of Lyme disease 
Such proteins are not present on spirochetes cultured in Baibour-Stoenner-Kdry 
(BSK) n medium. Selective in YIYQ expression of some B. burgdorferi proteins 

25 may be one reason that current diagnostic tests for Lyme disease, based on whole- 
cell lysates of cultured B. burgdorferi, are unreliable Such tests cannot detect 
antibodies directed toward the in vivo expressed antigens Accordingly, there also 
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exists a need to identify B. burgdorferi proteins that provide more reliable 
diagnostic tests for Lyme disease 

Recently, immunization of mice with recombinant OspA has been 
shown to be effective to confer long-lasting protection against subsequent infection 
5 with B. burgdorferi [E Fikrig et al, "Long-Term Protection of Mice from Lyme 
Disease by Vaccination with OspA", Infec. Immun 60, pp 773-77 (1992)] 
However, protection by the OspA immunogens used to date appears to be 
somewhat strain specific, probably due to the heterogeneity of the OspA gene 
among different B. burgdorferi isolates For example, immunization with OspA 

10 from B, burgdorferi strain N40 confers protection against subsequent infection with 
strains N40, B31 and CD16, but not against strain 25015 [E Fikrig et al , "Borrelia 
burgdorferi Strain 2501 5 Characterization of Outer Surface Protein A and 
Vaccination Against Infection", J Immun 148, pp 2256-60 (1992)]. 

Immunization with OspB has also been shown to confer protection 

i 5 against Lyme disease but not to the same extent as that conferred by OspA [E 

Fikrig et al "Roles of OspA, OspB, and Flagellin in Protective Immunity to Lyme 
Borreliosis in Laboratory Mice", Infec Immun 60, pp 657-61 (1992)] Moreover, 
some B. burgdorferi are apparently able to escape destruction in OspB-immunized 
mice via a mutation in the OspB gene which results in expression of a truncated 

2 o OspB protein [E. Fikrig et al., "Evasion of Protective Immunity by Borrelia 

burgdorferi by Truncation of Outer Surface Protein B M , Pmc Natl Acad Sci , 90, 
pp. 4092-96 (1993)] OspC has also been ihown to have protective effects in a 
gerbil model of B. burgdorferi infection However, the protection afforded by 
immunization with this protein appears to be only partial [V Preac-Mursic et al , 

2 5 "Active Immunization with pC Protein of Borrelia burgdorferi Protects Gerbils 
against B. burgdorferi Infection", Infection 20, pp. 342-48 (1992)] 

Immunization with OspF has also been shown to confer partial 
protection against infection [T K. Nguyen et al , "Partial Destruction of Borrelia 
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burgdorferi Within Ticks That Engorged On OspE- Or OspF-lmmunized Mice/ 1 
Infect Immun 62, pp. 2079-20&4 (1994)] Both anti-OipE and anti-OspF 
antibodies have been shown to reduce the number of spirochetes in ticks [T .K 
Nguyen et al , supra ] 

5 As prevention of tick infestation is imperfect, and Lyme disease may 

be missed or misdiagnosed when it does appear, there exists a continuing urgent 
need for the determination of additional antigens of B burgdorferi and related 
proteins which are able to dicit a protective immune response and which may be 
useful in a broad-spectrum vaccine In addition, identification of additional B. 
10 burgdorferi antigens may enable the development of more reliable diagnostic 
reagents which are useful in various stages of Lyme borrdiosis 

DISCLOSURE OF THE INVENTION 

The present invention provides novel 5 burgdorferi polypeptides 
which are substantially free of a B. burgdorferi spirochete or fragments thereof and, 
1 5 thus, are useful in compositions and methods for the diagnosis, treatment and 

prevention of B burgdorferi infection and Lyme disease In one embodiment, this 
invention provides P21 polypeptides and compositions and methods comprising 
those polypeptides 

In another embodiment, this invention provides K2 polypeptides and 
20 compositions and methods comprising those polypeptides 

In another embodiment, this invention provides P35 polypeptides 
and compositions and methods comprising those polypeptides. 

In another embodiment, this invention provides P37 polypeptides 
and compositions and methods comprising those polypeptides 
2 5 In another embodiment, this invention provides M30 polypeptides 

and compositions and methods composing those polypeptides 
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In another embodiment, this invention provides V3 polypeptides and 
compositions and methods comprising those polypeptides 

In another embodiment, this invention provides J I polypeptides 
compositions and methods composing those porypeptides 
5 In another embodiment, this invention provides J2 porypeptides 

compositions and methods comprising those polypeptides 

The preferred polypeptides of each of the aforementioned 
embodiments are selectively expressed in vivo 

Also preferred are compositions and methods of each of the 

1 o aforementioned embodiments are characterized by novel & burgdorferi 

porypeptides which dicit in treated animais the formation of an immune response 
In another embodiment, this invention provides a rnulticomponent 
vaccine comprising one or more novel B burgdorferi porypeptides of this invention 
in addition to one or more other immunogenic B. burgdorferi polypeptides. Such a 
1 5 vaccine is effective to confer broad protection against B. burgdorferi infection 
In yet another embodiment, this invention provides antibodies 
directed against the novel B. burgdorferi polypeptides of this invention, and 
compositions and methods comprising those antibodies 

In another embodiment, this invention provides diagnostic means 
20 and methods characterized by one or more of the novel B. burgdorferi 

polypeptides, or antibodies directed against those polypeptides. These means and 
methods are useful for the detection of Lyme disease and B. burgdorferi infection 
They are also useful in following the course of treatment against such infection In 
patients previously inoculated with the vaccines of this invention, the detection 

2 b means and methods disclosed herein are also useful for determining if booster 

inoculations are appropriate 
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In yet another embodiment, this invention provides methods for the 
identification and isolation of additional B. burgdorferi polypeptides, as well as 
compositions and methods comprising such polypeptides 

In yet another embodiment, this invention provides methods for 
identifying bacterial genes encoding an antigenic protein which is expressed during 
infection of a host but is not expressed during in vitro culture of the bacteria 

Finally, this invention provides DNA sequences that code for the 
novel B. burgdorferi polypeptides of this invention, recombinant DNA molecules 
that are characterized by tho<* DNA sequences, unicellular hosts tr afisformcd with 
those DNA sequences and molecules, and methods of using those sequences, 
molecules and hosts to produce the novel B. burgdorferi polypeptides and 
multicomponcnt vaccines of this invention DNA sequences of this invention are 
also advantageously used m methods and means for the diagnosis of Lyme disease 
and B burgdorferi infection 

15 BRIEF DESCRIPTION OF T HE DRAWTNPtS 

Figure 1 depicts the DNA and amino acid sequences of the P21 
polypeptide of B. burgdorferi strain N40 

Figure 2 depicts the DNA and amino acid sequences of the P3 5 
polypeptide of B. burgdorferi strain N40 

Figure 3 depicts the DNA and amino acid sequences of the P37 
polypeptide of B. burgdorferi strain N40 

Figure 4 depicts the DNA and amino acid sequences of the M30 
polypeptide of B burgdorferi strain N40 

Figure 5 depicts the DNA and amino acid sequences of the V3 
2b polypeptide of B. burgdorferi strain N40 

Figure 6 depicts the hydrophiliaty profiles of P35 and P37 



20 
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Figure 7 depicts a comparison of the amino acid sequences of P21 
and B. burgdorferi strain N40 OspE 

Figure 8 depicts a comparison of the control regions of transcription 
and translation among the DNA sequences encoding P21 and K2 and the DNA 
5 sequences of other known B. burgdorferi outer surface proteins 

DETAILED DESCRIP TION OF THE INVENTION 

This invention relates to novel B burgdorferi polypeptides, the 
DNA sequences which encode them, antibodies dirmtd against these polypeptides, 
l o compositions comprising the polypeptides or antibodies, and methods for the 
detection, treatment and prevention of Lyme disease 

More specifically, in one embodiment, this invention relates to P2 1 
polypeptides and compositions and methods comprising those polypeptides 

In another embodiment, this invention relates to K2 polypeptides and 

1 b compositions and methods comprising those polypeptides 

In another embodiment, this invention relates to P35 polypeptides 
and compositions and methods comprising those polypeptides 

In another embodiment, this inveniion relates to P37 polypeptides 
and compositions and methods comprising those polypeptides. 
20 In another embodiment, this invention relates to M30 polypeptides 

and compositions and methods comprising those polypeptides 

In another embodiment, this invention relates to V3 polypeptides 
and compositions and methods comprising those polypeptides 

In another embodiment, this invention relates to Jl and compositions 

2 5 and methods comprising those polypeptides 

In another embodiment, this invention relates to J2 and compositions 
and methods comprising those polypeptides 
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The preferred polypeptides, compositions and methods of each of 
the aforementioned embodiments are characterized by novel B burgdorferi 
polypeptides that are immunogenic B. burgdorferi polypeptides 

In another embodiment, this invention relate* to a mukicomponent 
5 vaccine against Lyme disease comprising one or more of the novel B. burgdorferi 
polypeptides of this invention in addition to other immunogenic B. burgdorferi 
polypeptides Such vaccine is useful to protect against infection by a broad 
spectrum of B. burgdorferi organisms 

All of the novel B. burgdorferi polypeptide* provided by this 

10 invention, and the DNA sequences encoding them, may be produced substantially 
free of B. burgdorferi spirochete or fragments thereof, and thus may be used tn a 
variety of applications without the risk of unintentional infection or contamination 
with undesired B, burgdorferi components Accordingly, the novel B. burgdorferi 
polypeptides of this invention are particularly advantageous in compositions and 

15 methods for the diagnosis and prevention of B. burgdorferi infection 

In another embodiment, this invention relates to compositions and 
methods comprising antibodies directed against the novel B. burgdorferi 
polypeptides of this invention Such antibodies may be used in a variety of 
applications, including to detect the presence of B burgdorferi, to screen for 

20 expression of novel B. burgdorferi polypeptides, to purify novel B. burgdorferi 
polypeptides, to block or bind to the novel B burgdorferi polypeptides, to direct 
molecules to the surface of B. burgdorferi, to prevent or lessen the severity, for 
some period of time, of B. burgdorferi infection, and to decrease the level of B. 
burgdorferi spirochetes in ticks 

2 5 In still another embodiment, this invention relates to diagnostic 

means and methods characterized by the novel B, burgdorferi polypeptides 
disclosed herein or antibodies directed against those polypeptides. 
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In yet another embodiment, this invention relates to methods for 
identifying bacterial genes that are selectively expressed in vivo 

In order to further define this invention, the following terms and 
definitions are herein provided 
5 As used herein, an "immunogenic B. burgdorferi polypeptide" is any 

5. burgdorferi polypeptide that, when administered to an animal, is capable of 
eliciting an immune response 

Immunogenic B. burgdorferi polypeptides are intended to include 
not only the novel H burgdorferi polypeptides of this invention but also the OspA 

1 o and OspB polypeptides disclosed in PCT patent application WO 92/00055, the 

OspC protein as described in R Fuchs et al . supra, the OspE and OspF 
polypeptides disclosed in PCT patent application WO 95/04145, other 
B. burgdorferi proteins, and fragments, serotypic variants and derivatives of any of 
the above In particular, immunogenic B. burgdorferi polypeptides are intended to 

is include additional B. burgdorferi polypeptides which are identified according to the 
methods disclosed herein 

As used herein, a polypeptide which is "substantially free of a B. 
burgdorferi spirochete or fragments thereof 1 is a polypeptide that, when introduced 
into modified Barbour-Stoener-Kelly (BSK-I1) medium and cukured at 37*C for 7 

20 days, fails to produce any B. burgdorferi spirochetes detectable by dark field 

microscopy or a polypeptide that is detectable as a single band on an immunoblot 
probed with polyclonal anti-i?. burgdorferi anti-serum 

As used herein, a 5 burgdorferi polypeptide that is "selectively 
expressed m vivo " is a polypeptide encoded by a DNA sequence that corresponds 

2 5 to a B. burgdorferi gene thai is expressed during infection of a host but is not 

expressed during in vitro culture of said B burgdorferi A DNA sequence that 
"corresponds to a B. burgdorferi gene" is a DNA sequence that encodes a 
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polypeptide that is the same as, a fragment of or a derivative of a naturally 
occurring B, burgdorferi polypeptide 

As used herein, a "P21 polypeptide" denotes a polypeptide which is 
selected from the group consisting of 
5 (a) a P21 polypeptide consisting of amino acids 1-182 of SEQ ID NO; 2, 

(b) fragments comprising at least 1 5 amino acids taken as a block from the 
P21 polypeptide of (a), and 

(c) a polypeptide that is selectively expressed in vivo and that: 

(1) is a derivative of a P21 polypeptide of (a), said derivative being 
10 at least 80% identical in amino acid sequence to the corresponding polypeptide of 
(a), 

(2) polypeptides that are immunologically reactive with antibodies 
generated by infection of a rnamrnalian host with B. burgdorferi, which antibodies 
are immunologically reactive with a P2 1 polypeptide of (a), 
1 5 0) polypeptides that are capable of eliciting antibodies that are 

immunologically reactive with B. burgdorferi and the P2! polypeptide of (a) and 
(4) polypeptides that are immunologically reactive with antibodies 
elicited by immunization with the P21 polypeptide of (a) 

As used herein, a *K2 polypeptide" denotes a polypeptide which is 
20 selected from the group consisting of 

(a) a polypeptide comprising the amino acid sequence set forth in SEQ ID 

NO 3 

(b) derivatives of the polypeptide of (a), said derivative comprising a 
polypeptide having a block of amino acids at least 80% identical in sequence to 

25 SEQ ID NO : 3; and 

(c) a polypeptide that is selectively expressed in vivo and that 

(1) is a derivative of a polyeptide of (a), said derivative being at 
least 80% identical in amino acid sequence to the corresponding polypeptide of (a), 
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(2) polypeptides that are immunologically reactive with antibodies 
generated by infection of a mammalian host with B burgdorferi, which antibodies 
are immunologically reactive with a polypeptide of (a), 

(3) polypeptides that are capable of eliciting antibodies that are 
5 immunologically reactive with B burgdorferi and the polypeptide of (a), and 

(4) polypeptides that are immunologically reactive with antibodies 
elicited by immunization with the polypeptide of (a) 

As used herein, a "P35 polypeptide" denotes a polypeptide which is 
selected from the group consisting of 
10 (a) a P35 protein comprising the ammo acid sequence set forth in SEQ ID 

NO 5 and serotypic variants thereof, 

(b) fragments comprising at least 8 amino acids taken as a block from the 
P35 polypeptide of (a) ( 

(c) derivatives of the P3 5 polypeptide of (a) or (b), said derivatives being at 
l s least 80% identical in amino acid seauence to the corresponding polypeptide of (a) 

or (b); 

(d) polypeptides that are immunologicaliy reactive with antibodies generated 
by infection of a mammalian host with B. burgdorferi, which antibodies are 
immunologically reactive with a P35 polypeptide of (a) or (b) or (c), 

20 (e) polypeptides that are capable of eliciting antibodies that are 

immunologically reactive with B. burgdorferi and the P35 polypeptide of (a) or (b) 
or (c); and 

(0 polypeptides that are immunologically reactive with antibodies elicited by 
immunization with the P35 polypeptide of (a) or (b) or (c) 
25 As used herein, a ' P37 polypeptide" denotes a polypeptide which is 

selected from the group consisting of 

(a) a P37 protein having the amino acid sequence of SEQ ID NO 7 and 
serotypic variants thereof 
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(b) fragments comprising at least 8 amino acids taken as a block from the 
P37 polypeptide of (a), 

(c) derivatives of the P37 polypeptide of (a) or (b), said derivatives being at 
least 80% identical in amino acid sequence to the corresponding polypeptide of (a) 

b or (b). 

(d) polypeptides that are immunologically reactive with antibodies generated 
by infection of a mammalian host with B. burgdorferi which antibodies are 
immunologically reactive with a P37 polypeptide of (a) or (b) or (c), 

(e) polypeptides that are capable of eliciting imibodies that are 

i o immunologically reactive with B. burgdorferi and the P37 porypeptide of (a) or (b) 
or (c), and 

(f) polypeptides that are immunologically reactive with antibodies elicited by 
immunization with the P35 polypeptide of (a) or (b) or (c) 

As used herein, a H M30 polypeptide" denotes a polypeptide which is 
is selected from the group consisting of 

(a) a M30 polypeptide having the amino acid sequence of SEQ ID NO: 9 
and serotypic variants thereof 

(b) fragments comprising at least 8 amino acids taken as a block from the 
M30 polypeptide of (a), 

20 (c) derivatives of the M30 polypeptide of (a) or (b), said derivatives being at 

least 80% identical in amino acid sequence to the corresponding porypeptide of (a) 
or (b), 

(d) polypeptides that are immunologically reactive with antibodies generated 
by infection of a mammalian host with B burgdorferi, which antibodies are 

25 immunologically reactive with a M30 polypeptide of (a) or (b) or (c), 

(e) polypeptides thai are capable of eliciting antibodies that are 
immunologically reactive with B burgdorferi and the M30 polypeptide of (a) or (b) 
or (c); and 



WO 97/42325 



PCT/USWD6610 



(f) polypeptides that are immunologically reactive with antibodies elicited by 
immunization with the M30 polypeptide of (a) or (b) or (c) 

As used herein, a "V3 polypeptide'*denotes a polypeptide which is 
selected from the group consisting of 
5 (a) a V3 protein having an amino acid sequence encoded by SEQ ID NO 10 

and serotypic variants thereof, 

(b) fragments comprising at least 8 amino acids taken as a block from the 
polypeptide of (a), 

(c) derivative* nf the polypeptide of (a) or (b) ? said derivatives being at least 

1 o 80*/o identical in amino acid sequence to the corresponding polypeptide of (a) or 

0>). 

(d) polypeptides that are immunologically reactive with antibodies generated 
by infection of a mammalian host with B. burgdorferi, which antibodies are 
immunologically reactive with a polypeptide of (a) or (b) or (c); 

is (e) polypeptides that are capable of eliciting antibodies that arc 

immunologically reactive with R. burgdorferi and the polypeptide of (a) or (b) or 
(c), and 

(0 polypeptides that are immunologically reactive with antibodies elicited by 
immunization with the polypeptide of (a) or (b) or (c) 
20 As used herein, a "V3 polypeptide" is intended to include a fi. 

burgdorferi polypeptide encoded in whole or in part by the A burgdorferi DNA 

sequence contained in ATCC deposit No which cross-hybridizes to the DNA 

sequence of SEQ ID NO 10 

As used herein, a "J! polypeptide" denotes a polypeptide which is 

2 5 selected from the group consisting of 

(a) a polypeptide encoded in whole or in part by the B. burgdorferi DNA 
sequence contained within ATCC deposit No (2) and serotypic variants thereof, 
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(b) fragments composing at least 8 amino acids taken as a block from the 
polypeptide of (a), 

(c) derivatives of the polypeptide of (a) or (b), said derivatives being at least 
80% identical in amino acid sequence to the corresponding polypeptide of (a) or 

* 0>); 

(d) polypeptides that are immunologically reactive with antibodies generated 
by infection of a mammalian host with B. burgdorferi* which antibodies are 
immunologically reactive with a polypeptide of (a) or (b) or (c), 

(e) polypeptides that are capable of eliciting antibodies that arc 

: o immunologically reactive with B burgdorferi and the polypeptide of (a) or (b) or 
(c), and 

(0 polypeptides that are lmmunologicaliy reactive with antibodies elicited by 
immunization with the polypeptide of (a) or (b) or (c) 

As used herein, a "Jl polypeptide" is intended to include a B. 
1 5 burgdorferi polypeptide encoded in whole or in part by the £. burgdorferi DNA 
sequence contained within ATCC deposit No (2A)» which cross-hybridizes to the 
B. burgdorferi DNA sequence contained within ATCC deposit No 

As used herein, a W J2 polypeptide * denotes a polypeptide which is 
selected from the group consisting of 
20 (a) a polypeptide encoded in whole or in part by the B. burgdorferi DNA 

sequence contained within ATCC deposit No Q) and serotypic variants thereof, 

(b) fragments comprising at least 8 amino acids taken as a block from the 
polypeptide of (a) t 

(c) derivatives of the polypeptide of (a) or (b), said derivatives being at least 
2 b 80% identical in amino acid sequence to the corresponding polypeptide of (a) or 

(b), 
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(d) polypeptides that arc immunologically reactive with antibodies generated 
by infection of a mammalian host with B. burgdorferi, which antibodies are 
immunologically reactive with a polypeptide of (a) or (b) or (c); 

(e) polypeptides that are capable of eliciting antibodies that are 

b immunologically reactive with B. burgdorferi and the polypeptide of (a) or (b) or 
(c), and 

(f) polypeptides that are immunologically reactive with antibodies elicited by 
immunization with the polypeptide of (a) or (b) or (c). 

A-5 used herein, a " J2 polypeptide" is intended io inciude a B. 

io burgdorferi polypeptide encoded in whole or in part by the B. burgdorferi DNA 
sequence contained within ATCC deposit Nos HA and 3BV which cross- hybridize 
to the B. burgdorferi DNA sequence contained within ATCC deposit No. £3} 

As used herein, a "novel B burgdorferi polypeptide" is a P21 
polypeptide, a K2 polypeptide, a P35 polypeptide, a P37 polypeptide, an M30 

i s polypeptide, a V3 polypeptide, a Ji polypeptide or a J2 polypeptide 

As used herein, a "serotypic variant" of a novel B. burgdorferi 
polypeptide according to this invention is any naturally occurring polypeptide which 
may be encoded in whole or in part, by a DNA sequence which hybridizes, at 20- 
27 °C below Tm, to the DNA sequence encoding the novel B> burgdorferi 

2 0 polypeptide One of skill in the art will understand that serotypic variants of a 
novel B burgdorferi polypeptide according to this invention include polypeptides 
encoded by DNA sequences of which any portion may be amplified by using the 
polymerase chain reaction and oligonucleotide primers derived from any portion of 
the DNA sequence encoding the novel B. burgdorferi polypeptide 

2 5 As used herein, a "derivative" of a novel B. burgdorferi polypeptide 

according to his invention is a novel B. burgdorferi polypeptide in which one or 
more physical, chemical, or biological properties has been altered Such 
modifications include, but are not limited to anvno acid substitutions. 
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modifications, additions or deletions, alterations in the pattern of lipidation, 
glycosylation or phosphorylation, reactions of free amino, carboxyl, or hydroxy! 
side groups of the amino acid residues present in the polypeptide with other organic 
and non-organic molecules, and other modifications, any of which may result in 
s changes in primary, secondary or tertiary structure 

As used herein, a "protective antibody" is an antibody that confers 
protection, for some penod of time, against any one of the physiological disorders 
associated with B. burgdorferi infection 

As used herein, a "protective B burgdorferi polypeptide" is a 

1 o polypeptide that comprises a protective epitope 

As used herein, a "protective epitope" is (1) an epitope which is 
recognized by a protective antibody, and/or (2) an epitope which, when used to 
immunize an animal, elicits an immune response sufficient to prevent or lessen the 
severity for some period of time, of B. burgdorferi infection. 
1 5 Preventing or lessening the severity of infection may be evidenced by 

a change in the physiological manifestations of erythema migrans, arthritis, carditis, 
neurological disorders, and other Lyme disease related disorders It may be 
evidenced by a decrease in the level of spirochetes in the treated animal And, h 
may also be evidenced by a decrease in the level of spirochetes in infected ticks 

2 o feeding on treated animals A protective epitope may comprise a T cell epitope, a B 

cell epitope, or combinations thereof 

As used herein, a "T cell epitope" is an epitope which, when 
presented to T cells by antigen presenting cells, results m a T cell response such as 
clonal expansion or expression of lymphokines or other immunostimulatory 
2b molecules. A T cell epitope may also be an epitope recognized by cytotoxic T cells 
that may affect intracellular B burgdorferi infection A strong T cell epitope is a 
T cell epitope which elicits a strong T cell response 
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As used herein, a "B ceil epitope" 15 the simplest spatial 
conformation of an antigen which reacts with a specific antibody 

As used herein, a "therapeutically effective amount" of a polypeptide 
or of an antibody is the amount that, when administered to an animal, elicits an 
5 immune response that is effective to prevent or lessen the severity, for some period 
of time, of B. burgdorferi infection 

As used herein, an "antibody directed against a novel B. burgdorferi 
polypeptide" (also referred to as "an antibody of this invention") is an antibody 
directed against a P7\ nnlypeni.de, 1 K2 polypeptide, a P35 polypeptide, a P37 
:o polypeptide, an M30 polypeptide, a V3 polypeptide, a Jl polypeptide or a J2 

polypeptide It should be understood that an antibody directed against a novel B 
burgdorferi polypeptide may also be a protective antibody 

An antibody directed against a novel B. burgdorferi polypeptide may 
be an intact immunoglobulin molecule or a portion of an immunoglobulin molecule 
: 5 that contains an intact antigen binding site, including those portions known in the 
art as F(v), Fab, Fab' and F(ab)2 It may also be a genetically engineered or 
synthetically produced molecule 

The novel B. burgdorferi polypeptides disclosed herein are 
immunologically reactive with antisera generated by infection of a mammalian host 
20 with B. burgdorferi. Accordingly, they are useful in methods and compositions to 
diagnose and protect against Lyme disease, and in therapeutic compositions to 
stimulate immunological clearance of B. burgdorferi during ongoing infection. In 
addition, because at least some, if not all of the novel B burgdorferi polypeptides 
disclosed herein are immunogenic surface proteins of B burgdorferi, they are 
2b particularly useful in a multicomponent vaccine against Lyme disease, because such 
a vaccine may be formulated to more closely resemble the immunogens presented 
by replication-competent B. burgdorferi, and because such a vaccine is more likely 
to confer broad-spectrum protection than a vaccine comprising only a single B. 
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burgdorferi polypeptide Muhicomponent vaccines according to this invention may 
also contain polypeptides which characterize other vaccines useful for immunization 
against diaeases other than Lyme disease such as, for example, diphtheria, polio, 
hepatitis, and measles Such multicomponent vaccines are typically incorporated 
into a single composition 

The preferred compositions and methods of this invention comprise 
novel B burgdorferi polypeptides having enhanced immunogenicity. Such 
polypeptides may resuh when the native forms of the polypeptides or fragments 
thereof are modified or subjected to treatments !o enhance their immunogenic 
character in the intended recipient 

Numerous techniques are available and well known to those of skill 
in the art which may be used, without undue experimentation, to substantially 
increase the immunogenicity of the novel B burgdorferi polypeptides herein 
disclosed. For example, the polypeptides may be modified by coupling to 
is dmitrophenol groups or arsanilic acid, or by denaturation with heat and/or SDS 
Particularly if the polypeptides are small polypeptides synthesized chemically, it may 
be desirable to couple them to an immunogenic earner The coupling of course, 
must not interfere with the ability of either the polypeptide or the carrier to function 
appropriately. For a review of some general considerations in coupling strategies, 
506 Antibodies A l a bor a tory M n nu a l , Cold Spring Harbor Laboratory, ed. E 
Harlow and D. Lane (1988). Useful immunogenic carriers are well known in the 
art. Examples of such earners are keyhole limpet heroocyanin (KLH); albumins 
such as bovine serum albumin (BSA) and ovalbumin, PPD (purified protein 
derivative of tuberculin), red blood cells; tetanus toxoxi, cholera toxoid; agarose 
2 5 beads, activated carbon, or bentonttc 

Modification of the amino acid sequence of the novel B. burgdorferi 
polypeptides disclosed herein in order to alter the liptdation state is also a method 
which may be used to increase their immunogenicity and biochemical properties 
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For example, the polypeptides or fragments thereof may be expressed with or 
without the signal sequences that direct addition of hpid moieties 

As will be apparent from the disclosure to follow, the polypeptides 
may also be prepared with the objective of increasing stability or rendering the 
5 molecules more amenable to purification and preparation One such technique is to 
express the polypeptides as fusion proteins comprising other B. burgdorferi or non- 
B. burgdorferi sequences 

In accordance with this invention, derivatives of the novel B. 
burgdorferi polypeptides may be prepared by a variety of methods, including by in 
10 vttro manipulation of the DNA encoding the native polypeptides and subsequent 
expression of the modified DNA, by chemical synthesis of derivatized DNA 
sequences, or by chemical or biological mampuiabon of expressed amino aoid -■■ 
Sfqi wwces 

For example, derivatives may be produced by substitution of one or 
15 more amino acids with a different natural amino acid, an ammo acid derivative or 
non-native amino add conservative substitution being preferred, e.g., 
3-metftylhistkiine may be substituted for histidine, 4-hydroxyproItne may be 
substituted for proline, S-hydroxylysme may be substituted for lysine, and the Eke. 

Causing amino acid substitutions which are less conservative nay 
20 also result in desired derivatives, e.g., by causing changes in charge, conformation 
and other biological properties. Such substitutions would include for example, 
substitution of a hydrophflic residue for a hydrophobic residue, substitution of a 
cysteine or proline for another residue, substitution of a residue having * smaS side 
chain for a residue having a bulky side chain or substitution of a residue having a net 
25 positive charge for a residue having a net negative charge When the result of a 
given substitution cannot be predicted with certainty, the derivatives may be readily 
assayed according to the methods disclosed herein to determine the presence or 
absence of the desired characteristics 
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In a preferred embodiment of this invention, the novel A 
burgdorferi polypeptides disclosed herein are prepared as part of a larger fusion 
protein. For example, a novel A burgdorferi polypeptide of this invention may be 
fitted at hi N-termimu or C -terminus to a different immunogenic A burgdorferi 
polypeptide, to a non-A burgdorferi polypeptide or to combinations thereof, to 
produce fusion proteins comprising the novel A burgdorferi polypeptide. 

In a preferred embodiment of this invention, fusion proteins 
comprising novel A burgdorferi oolypeptides are constructed comprising B cell 
and/or T cdJ epitopes from multiple serctypsc variant* of A burgdorferi, each 
variant differing from another with respect to the locations or sequences of the 
epitopes within the polypeptide In a more preferred embodiment, fimon proteins 
are constructed which comprise one or more of the novel A bur g do&ri 
polypeptides fused to other immunogenic A burgdorferi polypeptides. Such fusion 
proteins are particularly effective in the prevention, treatment and 'flagranti of 
15 Lyme disease as caused by a wide spectrum of A burgdorferi isolates. 

In another preferred embodiment of this invention, the novel A 
burgdorferi polypeptides are fused to moieties, such as immunoglobuHn domains, 
which may increase the stability and prolong the in vivo plasma half-Nfe of the 
polypeptide Such fusions may be prepared without undue experimentation 
20 accenting to methods wdl known to those of skill in the art, for exantple, in 

accordance with the teachings of United States patent 4,946,778, or United States 
patent 5,116,964. The exact she of the fusion is not critical as long as the 
polypeptide retains the desired biological activity Such deterrninationa may be 
made according to the teachings herein or by other methods known to those of skiH 
25 in the art. 

It is preferred that the fusion proteins comprising the novel A. 
burgdorferi polypeptides be produced at the DNA level, e g^ by constructing a 
nucleic acid molecule encoding the fusion, transforming host cells with the 
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moiecule, inducing the cells to express the fusion protein, and recovering the fusion 
protein from the cell culture. Alternatively, the fusion proteins may be produced 
after gene expression according to known methods. 

The novel B. burgdorferi polypeptides may also be part of larger 
5 mukimeric molecules which may be produced recombinant^ or may be synthesized 
chemically Such muhimers may also include the polypeptides fused or coupled to 
moieties other than ammo acids, including lipids and carbohydrates. 

Preferably, the muhimcric proteins will consist of multiple T or B 
ceii epitopes or combinations thereof repeated within the same molecule, cither 
10 randomly, or with spacers (amino add or otherwise) between them. 

In the most preferred embodiment of this invention, the novel B. 
burgdorferi polypeptides of this invention which are abo tmmmogenle ft ***** 
burgdorferi polypeptides are incorporated into a muhicomponent vaccine which 
also comprises other immunogenic B. burgdorferi polypeptides. Such a 
15 muhicomponent vaccine, by virtue of its ability to elicit antibodies to a variety of 
immunogenic B. burgdorferi polypeptides, will be effective to protect against Lyme 
disease as caused by a broad spectrum of different B. burgdorferi isolates, even 
those that may not express one or more of the Osp proteins. 

The muhicomponent vaccine may contain the novel B. bmrgdoejeri 
20 polypeptides as part of a mukimeric molecule in which the various components are 
covalently associated. Alternatively, it may contain multiple individual components. 
For example, a muhicomponent vaccine may be prepared comprising two or more 
of the novel B. burgdorferi polypeptides, or comprising one novel A b m rg d tMjk f i 
polypeptide and one previously identified B. burgdorferi polypeptide, wherein each 
25 polypeptide is expressed and purified from 'independent cell cultures and the 
polypeptides are comb in ed prior to or during formulation 

Alternatively, a multtcomponem vaccine may be pr e par ed from 
heterodtmers or tetramers wherein the polypeptides have been ftised to 
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immunoglobulin chains or portions thereof Such a vaccine could comprise, for 
example, a P35 polypeptide fined to an immunoglobulin heavy chain and an OspA 
polypeptide fined to an immunoglobulin light chain, and could be produced by 
transforming a host cell with DNA encoding the heavy chain fusion and DNA 
5 encoding the light chain fusion One of skill in the art will understand that the host 
cell selected should be capable of assembling the two chains appropriately. 
Alternatively, the heavy and light chain fusions could be produced from separate 
cell tines and allowed to associate iftcr purification. 

tubwwuniu) U4 um^uuiHg • pvuuuu component and the relative 
10 proportions of each component may be determined by using the away systems 
disclosed herein, or by using other systems known to those in the art. Most 
preferably, the m u h ko m poneot vaccine will comprise mmmni T r^a ^ r ^ 
epitopes of immunogenic B. burgdorferi polypeptides, including the novd B. 
burgdorferi polypeptides of this invention 
15 This invention also contemplates that the novel B. bwgdmferi 

polypeptides of this invention, either alone or with other immunogenic B. 
burgdorferi polypeptides, may be admini stered to an animal via a liposome delivery 
system in order to enhance their suhflrty and/or immunogenichy Delivery of the 
novel A burgdorferi polypeptides via liposomes may be particularly advantageous 
20 because the liposome may be im^ 

Such cells, upon ingesting the liposome, wouM digest tte 

wbsequently present the pobw 

other m o l ecu le s required to elicit ■ strong immune response. 

The liposome system may be any variety of umbracilar iniirkii, 
2t mutoUmallar vesicles, or stable plunlameUar vesicles, and may be prepared and 
administered according to methods well known to those of skil m the art, for 
example in accordance with the teachings of United States patents 5,169,637, 
4,762,91 5, 5,000,958 or 5, 1 85, 1 54 In addition, it may be desirable to exprees the 
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novd B. burgdorferi polypcpiides of thii invention, as well as other selected B. 
burgdorferi polypeptides, as lipoproteins, in order to enhance their binding to 
liposomes 

Any of the novel B> burgdorferi polypeptides of this invention may 
5 be used in the form of a pharmaceutical^ acceptable sak Suitable acids and bases 
which art capable of forming salts with the polypeptides of the present invention art 
well known to those of skill in the art, and include inorganic and organic acids and 
bases. 

According to this invention, vvt describe a method which comprises 

10 the steps of treating an animal with a therapeutically effective amount of a novel B. 
burgdorferi polypeptide, or a fusion protein or a raultimeric protein comprising a 
novel A burgdorferi polypeptide, in a manner sufficient to prevent or lesson the 
severity, for some period of time, of B burgdorferi infection The polypeptides 
that are preferred for use in such methods are those that contain protective 

15 epitopes. Such protective epitopes may be B cell epitopes, T cell epitopes, or 
combinations thereof. 

According to another embodiment of this invention, we describe a 
method which comprises the steps of treating an animal with a muhicomponettt 
vaccine comprising a therapeutically effective amount of a novel B. burgdorferi 

2 o polypeptide, or a flision protein or multimeric protein comprising such polypeptide 
in a manner suffiofitt to prevent or lessen the severity, for some period of time* of 
A burgdorferi infection. Again, the polypeptides, fusion proteins and muttmcric 
proteins that are preferred for use in such methods art those that contain protective 
epitopes, which may be B cell epitopes, T ai)\ epitopes, or combinations thereof 

25 The most preferred polypeptides, fusion proteins and multimeric 

proteins for use in these compositions ?nd methods are those containing both strong 
T cell and B cell epitopes. Without being bound by theory, we beheve that this is 
the best way to stimulate high titer antibodies that arc effective to neutralize 
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5. burgdorferi infection Such preferred polypeptides will be internalized by B cdls 
expressing surface immunoglobulin that recognizes the B cell epitope(s) The B 
cells will then process the antigen and present it to T cells The T cells will 
recognize the T cell epitope(s) and respond by proliferating and producing 
5 lymphokines which in turn cause B cells to differentiate into antibody producing 
plasma cells. Thus, in this system, a closed autocatalytic circuit exists which will 
result in the amplification of both B and T cell responses, leading ultimately to 
production of a strong immune response which includes high titer antibodies against 

the nOVftl B hurminrfori r\rthm*«*jH* 

1 Q One of skill in the art will also understand that it may be 

advantageous to administer the no^el B burgdorferi polypeptides of this invention 
in a form that will favor the production of T-helper ceils type 2 OW 2 ), which help B 
cells to generate antibody responses Aside from administering epitopes which are 
strong B cell epitopes, the induction of T n 2 cells may also be favored by the mode 
15 of administration of the polypeptide for example by administering in certain doses 
or with particular adjuvants and immunomodulators, for example with interieulrin-4 

To prepare the preferred polypeptides of this invention, in one 
embodiment, overlapping fragments of the novel B. burgdorferi polypeptides of this 
invention are constructed The polypeptides that contain B cell epitopes may be 

2 o identified in a variety of ways for examoie by their ability to ( 1 ) remove protective 

antibodies from polyclonal antiserum d:recttd against the polypeptide or (2) elicit an 
immune response which is effective to prevent or lessen the severity of B. 
burgdorferi infection 

Alternatively, the polypeptides may be jsed to produce monoclonal 
2t antibodies which are screened for their ability to confer protection against B 
burgdorferi infection when used to immunize naive animals Once a given 
monoclonal antibody is found to confer protection, the particular epitope that is 
recognized by that antibody may then be identified 
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As recognition of T cell epitopes is MHC restricted, the polypeptides 
that contain T cell epitopes may be identified in vitro by testing them for their ability 
to stimulate proliferation and/or cytokine production by T ceB clones generated 
from humans of various HLA types, from the lymph nodes, spleens, or peripheral 
5 blood lymphocytes of C3H/He mice, or from domestic animals Compositions 
comprising multiple T cell epitopes recognized by individuals with different Class II 
antigens are useful for prevention and treatment of Lyme disease in a broad 
spectrum of patients 

!n a preferred embodiment of the present invention, a novel 5. 

1 o burgdorferi polypeptide containing a B cell epitope is fused to one or more other 

immunogenic B. burgdorferi polypeptides containing strong T cell epitopes. The 
fusion protein that carries both strong T cell and B celt epitopes is able to 
participate in eliatation of a high titer antibody response effective to neutralize 
infection with B. burgdorferi 

15 Strong T ceil epitopes may also be provided by non-/?. burgdorferi 

molecules. For example, strong T cell epitopes have been observed in hepatitis B 
virus core antigen (HBcAg) Furthermore, it has been shown that linkage of one of 
these segments to segments of ihe surface antigen of Hepatitis B virus, which are 
poorly recognized by T cells, results in a ma)or amplification of the anti-HBV 

2C surface antigen response, [D R Mihch ct a! , 11 Antibody Production To The 
NucJeocapsid And Envelope Of The Hepatitis B Virus Primed By A Single 
Synthetic T Cell Site", Namifi, 329. pp. 547-49 09S7)]. 

Therefore, in yet another preferred embodiment, B cell epitopes of 
the novel B. burgdorferi polypeptides are fused to segments of HBcAG or to other 

2 5 antigens which contain strong T cell epitopes to produce a fusion protein that can 

elicit a high titer antibody response against B. burgdorferi In addition, it may be 
particularly advantageous to l ; ~Jc 2 novel B burgdorferi polypeptide of this 
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invention to a strong immunogen that is also widely recognized, for example tetanus 
toxoid 

It will be readily appreciated by one of ordinary skill in the art that 
the novel B. burgdorferi polypeptides of this invention, as well as fusion proteins 
5 and mufrimenc proteins containing them, may be prepared by recombinant means, 
chemical means, or combinations thereof 

For example, the polypeptides may be generated by recombinant 
means using the DNA sequences of H burgdorferi strain N40 as set forth in the 
sequence listing? contained herein DNA encoding serotype variants of the 
: o polypeptides may likewise be cloned e g . using PCR and oligonucleotide primers 
denved from the sequences herein disclosed 

In this regard, it may be particularly desirable to isolate the genes 
encoding novel B. burgdorferi polypeptides from strain 25015 and other strains of 
B. burgdorferi that are known to differ antigenically from strain N40, in order to 
is obtain a broad spectrum of different eoitopes which would be useful in the methods 
and compositions of this invention For sample, the OspA gene of B. burgdorferi 
strain 25015 is known to differ from the OspA gene of B. burgdorferi strain N40 to 
the extent that anti-OspA antibodies, which nrotect against subsequent infection 
with strain N40, appear ineffective to protect against infection with strain 25015 
JO Oligonucleotide primers and other nucleic acid probes derived from 

the genes encoding the novd B. bur r dorfen aorypeptides may also be used to 
isolate and clone other related surface proteins from B burgdorferi and related 
spirochetes which may contain regiors of DNA sequence homologous to the DNA 
sequences of this invention Ir addition, the DNA sequences of this invention may 
5 also be used in PCR reactions to detect *ne presence of B. burgdorferi in a 
suspected infected sample 

If the novel B. burgdorferi polypeotides of this invention are 
produced recombinant^, they may be extress^d in unicellular hosts As is well 
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known to one of skill in the an, in order to obtain fcgh expression levels of foreign 
DNA sequences in a host, the sequences are generally operativeiy linked to 
transcriptional and translational expression control sequences that are functional in 
the chosen host Preferably, the expression control sequences, and the gene of 
s interest, will be contained in an expression vector that further comprises a selection 
marker. 

The DNA sequences encoding the porypeptides of this invention may 
or may not encode a signal sequence If the expression host is eukaryotic, it 
generally is preferred that a signal sequence be encoded so that the mature protein is 
:c secreted from the eukaryotic host 

An amino termina] methionine may or may not be present on the 
expressed porypeptides of this invention If the terminal methionine is not cleaved 
by the expression host, it may, if desired, be chemically removed by standard 
techniques. 

X5 A wide variety of expression host/vector combinations may be 

employed in expressing the DNA sequences of this invention Useful expression 
vectors for eukaryotic hosts, include, for example, vectors comprising expression 
control sequences from SV40. bovine oapilloma virus, adenovirus, adeno- 
assocxated virus, cytomegalovirus and retroviruses including lenttvtruses. Useful 

20 expression vectors for bacterial hosts include bacterial plasmids, such as those from 
& coii, including pBiuescript, pGEX-2T, pUC vectors, col El, pCRl, pBR322, 
pMB9 and their derivatives, pET-1 5. wider host range plasmids, such as RP4, 
phage DNAs, e.g, the numerous derivatives of phage lambda, e g AGT10 and 
XGT1 1, and other phages Useful ^xpr*?ssion vectors for yeast cells include the 2y 

2b plasmid and derivatives thereof Useful vectors for msect cells include pVL 941 

In addition, any of a wine variety of expression control sequences — 
sequences that control the expression of a DNA sequence when operativeiy linked 
to it may be used in these vectors to express the DNA sequences of this 
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invention. Such useful expression control sequences include the expression control 
sequences associated with, structural genes of the foregoing expression vectors 
Examples of useful expression control sequences include, for example, the early and 
late promoters of SV40 or adenovirus, the lat system, the Up system, the TA£ or 
5 ULC system, the T3 and T7 promoters, the major operator and promoter regions of 
phage lambda, the control regions of fd coat protein, the promoter for 3- 
phosphogrycerate kinase or other glycolytic enzymes, the promoters of acid 
phosphatase, e.g., PhoS. the promoters of the yeast a-mating system and other 
constitutive and inducible oromoter 

i w » ' » • KSi U»V wA^/l GsmUII {J I 

io genes of prolcaryotic or eukaryotic cells or their viruses, and various combinations 
thereof 

In a preferred embodiment, DNA sequences encoding the noveJ B. 
burgdorferi polypeptides of this invention are cloned in the expression vector 
lambda ZAP II (Stratagene, La Jolla, CA), in which expression from the lac 
1 5 promoter may be induced by IPTG 

In another preferred embodiment, DNA encoding the novel B 
burgdorferi polypeptides of this invention is inserted in frame into an expression 
vector that allows high level expression of the polypeptide as a glutathione S- 
transferase fusion protein Such a fusion oroteir thus contains amino acids encoded 
2 0 by the vector sequences as well as ammo acids of the novel B. burgdorferi 
polypeptide. 

A wide variety of unicellular host cells are useful in expressing the 
DNA sequences of this invention These hosts may include well known eukaryotic 
and prokaryotic hosts, such as strains of/- coh, Pseudomonas, Bacillus, 
2 5 Streptomyces % fungi, yeasr, insect ceils such as Spodoptera fmgiperda (SF9), animal 
cells such as CHO and mouse cells, Arhcan green monkey cells such as COS 1, 
COS 7, BSC 1, BSC 40, and BMT 10. and human cells, as well as plant cdls 
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It should of course be understood thit not all vector* ind expression 
control sequences will function equally well to express the DNA sequences of this 
invention Neither will all hosts function equally well with the same expression 
system However, one of skill in the art may make a selection among these vectors, 
5 expression control sequences and hosts without undue experimentation and without 
departing from the scope of this invention For example, in selecting a vector, the 
host must be considered because the vector must be replicated in it. The vector's 
copy number, the ability to control thai cony number, the ability to control 
integration, if any, and the expression of any oihef proteins encoded by the vector, 

10 such as antibiotic or other selection markers, should also be considered. 

In selecting an expression control sequence, a variety of factors 
should also be considered These include, for example, the relative strength of the 
promoter sequence, its controllability, and its compatibility with the DNA sequence 
of this invention, particularly with regard to potential secondary structures. 

1 5 Unicellular hosts should be selected by consideration of their compatibility with the 
chosen vector, the toxicity of the product coded for by the DNA sequences of this 
invention, their secretion characteristics, their ability to fold the polypeptide 
correctly, their fermentation or culture requirements, and the ease of purification 
from them of the products coded tor by the DNA sequences of this invention 

20 Within these parameters, one of skill in the art may select various 

vector/expression control sequence/host combinations that will express the DNA 
sequences of this invention on fermentation or m other large scale cultures 

The molecules comprising tne novei B bvrgdorfert polypeptides 
encoded by the DNA sequences of this invention may be isolated from the 

2b fermentation or cell culture and purified using uny of a variety of conventional 

methods including: liquid chromatography such cvs normal or reversed phase, using 
HPLC, FPLC and the like, affinity chromatography (such as with inorganic Iigands 
or monoclonal antibodies), size exclusion chromatography, immobilized metal 
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chelate chromatography, gel electrophoresis, and the like One of skill in the an 
may select the most appropriate isolation and purification techniques without 
departing from the *cope of this invention 

In addition, the novel B burgdorferi polypeptides may be generated 
by any of several chemical techniques For example, they may be prepared using 
the solid-phase synthetic technique originally described by R B Memfield. "Solid 
Phase Peptide Synthesis I The Synthesis Of A Tetrapeptide". J Am Ch™ ft p r 
83, pp. 2149-54 (1963). or they may be scared by synthesis in solution. A 
summary of peptide synthesis techniques mav be found in E Gross & H J 
Metnhofer, 4 The Peptides Aiialv SiS . Svnthesis, B.ology, Modem Techniques Of 
Peptide And Amino Acid Anaiys.s lohn Wiley & Sons, (1981 ) and M Bodanszky, 
Principles Of Peptide Synthesis, Springe-- Verlag (1984) 

Typically, these synthetic methods comprise the sequential addition 
of one or more amino acid residues to a wowing peptide chain Often peptide 
coupling agents are used to facilitate this reaction For a recitation of peptide 
coupling agents suitable for the uses described herein see M Bodansky, supra 
Normally, either the ammo or carboxyl grow of the first amino acid residue is 
protected by a suitable, selectively removable orotecting group A different 
protecting group is utilized for am.no acids containing a reactive side group, e g 
lysine A variety of protecting groups known in the field of peptide synthesis and 
recognised by conventional abbreviations therein, may be found in T Greene, 
Protective Groups In Organic Svnthesis. Academic Press (1981) 

According to another embodiment of this invention, antibodies 
directed against the nove! B. burvdorjen porypeorJdes are generated Such 
antibodies are immunoglobulin molecules nr oorrions thereof that are 
immunologically reactive with a novel B. ^dorfen polypeptide of the present 
invention It should be understood tna, the antibodies of trus invention include 
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antibodies immunologically reactive with fusion proteins and multimeric proteins 
comprising a novel B. burgdorferi polypeptide 

Antibodies directed against a novel B. burgdorferi polypeptide may 
be generated by a variety of means including infection of a mammalian host with 
5 B. burgdorferi, or by immunization of a mammalian host with a novel B 
burgdorferi polypeptide of the present invention Such antibodies may be 
polyclonal or monoclonal, it is preferred that they are monoclonal Methods to 
produce polyclonal and monocionai antibodies are well known to those of skill in 
the art. For a review of such methods. *ee Antibodies. A Laboratory Manual, 

10 supra, and D E. Yehon, et al., Ann ..Rry^rtf Jj;oj>KL, 50, pp 657-80 (1981). 

Determination of immunoreactivity with a nove' B burgdorferi polypeptide of this 
invention may be made by any of several methods well known in the art, including 
by immunoblot assay and EL ISA 

An antibody of this invention mnv aJso be a hybrid molecule formed 

is from immunoglobulin sequences from different soecies (e g , mouse and human) or 
from portions of immunoglobulin light and heaw chain sequences from the same 
species. It may be a molecule that h?s mult ; p!e binding specificities, such as a 
bifunctionaJ antibody prepared by anv one of a rumber of techniques known to 
those of skill in the art including the production of hvbnd hybridomas, disulfide 

2C exchange, chemical cross-linking, addition of peptide linkers between two 

monocionai antibodies, the introduction of two s^ts of immunoglobulin heavy and 
light chains into a particular cell line and ro forth 

The antibodies of this mvcrron may a:v> be human monoclonal 
antibodies produced by any of the severe .'^tnods krown in the an For example, 

2 5 human monoclonal antibodies may produce by in-rr.ortaiized human cells, by 
SCID-hu mice or other non-human 3tt>3<* e*p*$ie of producing "human 11 
antibodies, by the expression of cionen human immunoglobulin genes, by phage- 
display, or by any other method known in >:? ar 
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In addition, it may be advantageous to couple the antibodies of this 
invention to toxins such as diphtheria, pseudomonas exotoxin, ricin A chain, 
gdonin, etc , or antibiotics such as penicillins, tetracyclines and chloramphenicol 
In sum, one of skill in the an, provided with the teachings of this 
5 invention, has available a vahety of methods which may be used to alter the 
biological properties of the antibodies of rhis invention including methods which 
would increase or decrease the stability or half-life, immunogenicity, toxicity, 
affinity or yield of a given antibody nolecule or to alter it in any other way that 
may render it more suitable for 9 particular application. 
1 0 One of skill in the an will understand that antibodies directed against 

a novel B. burgdorferi polypeptide may have utility in therapeutic and prophylactic 
compositions and methods directed against Lyme disease and B. burgdorferi 
infection For example, the level of B burgdorferi m infected ticks may be 
decreased by allowing them to feed on the bleed of animals immunized with the 
1 5 novel B. burgdorferi polypeptides of this invention 

The antibodies of this invention also have a variety of other uses 
For example, they are useful as reagents to screen for expression of the B. 
burgdorferi polypeptides either m libraries constructed from 8 burgdorferi DNA 
or from other samples in which the proreirs -nay he present. Moreover, by virtue of 
20 their specific binding affinities, the antibodies of this invention are also useful to 
purify or remove polypeptides frorr a given sample, to block or bind to specific 
epitopes on the polypeptides and to cVrct various molecules, such as toxins, to the 
surface of B burgdorferi 

To screen the novel H H.rgdcjrr, polypeptides and antibodies of 
2 5 this invention for their ability to cor.fi* protection against Lyme disease or their 
ability to lessen the seventy of b burgdorferi infection, C3H/He mice are preferred 
as an animal model Of course, while anv immal that is susceptible to infection with 
B. burgdorferi may be useful, C3H^Hc mic wr, not only susceptible to B. 
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burgdorferi infection but are also afflicted with clinical symptoms of a disease that 
1$ remarkably similar to Lyme disease in humans Thus, by administering a 
particular polypeptide or antibody to C3H/He mice, one of skill in the art may 
determine without undue experimentation whether that polypeptide or antibody 
s would be useful in the methods and compositions claimed herein 

The administration of the novel B burgdorferi polypeptide or 
antibody of this invention to the animal may be accomplished by any of the methods 
disclosed herein or by a variety of other s*and?rd procedures For a detailed 
discussion of such techniques, see .Antibodies A Laboratory Manual, supra 

10 Preferably, if a polypeptide is used, u v/1! he administered with a pharmaceutically 
acceptable adjuvant, such as comole'r or incomplete Freund's adjuvant, RIBI 
(muramyl dipeptides) or 1SCOM (tmmunostimulating complexes). Such adjuvants 
may protect the polypeptide from raoid dispersal by sequestering it in a local 
deposit, or they may contain substances that stimulate the host to secrete factors 

15 that are chemotactic for macrophages and other components of the immune system 
Preferably, if a polypeptide is being administered, the immunization schedule will 
involve two or more administrations of :He poh^oeotide, spread out over several 
weeks. 

Once the novel B. burgdor feri oolypeptides or antibodies of this 
20 invention have been determined to be effective in the screening process, they may 
then be used in a therapeutically effective amount in pharmaceutical compositions 
and methods to treat or prevent Lyme disease which may occur naturally in various 
animals 

The pharmaceutical conoosnons of this invention may be in a 
2 5 variety of conventional depot forms These include, for example, solid, semi-solid 
and liquid dosage forms, such as table's n'lls oowders, liquid solutions or 
suspensions, liposomes, capsules, sunpositories injectable and infusible solutions 
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The preferred form depends upon the intended nnode of administration and 
prophylactic application 

Such dosage forms may include pharmaceutically acceptable carriers 
and adjuvants which are known to those of skill in the art. These carriers and 
s adjuvants include, for example, RIBI, ISCOM ion exchangers, alumina, aluminum 
stearate, lea thin, serum proteins, such as human serum albumin, buffer substances, 
such as phosphates, glycine, sorbic acid, potassium sorbate, partial gtyceridc 
mixtures of saturated vegetable fat*- acids wre: salts or electrolytes such as 
protamine sulfate, disodmm hydrogen phosphate, sodium chloride, zinc salts, 
io colloidal silica, magnesium trisilicat" oolyvny) pyrrolidone, cellulose-based 

substances, and polyethylene glycol Advjv3r.rs for topical or gel base forms may be 
selected from the group consisting ?f s.?d:i'r rarboxymethylcellulose, polyacrylates, 
polyoxyetbylene-polyoxypropylene-block oolvmers, polyethylene glycol, and wood 
wax alcohols 

1 5 The vaccines and compositions of this invention may also include 

other components or be subject to other treatments during preparation to enhance 
their immunogenic character or to improve their tolerance in patients 

Compositions comprising an anybody of this invention may be 
administered by a variety of dosage form* and regimens similar to those used for 

20 other passive immunotherapies and well known to those of skill in the art. 
Generally, the novel B. burgdorferi polypeptides may be formulated and 
administered to the patient using methods and compositions similar to those 
employed for other pharmaceutically important polypeptides (e.g., the vaccine 
against hepatitis) 

2 b Any pharmaceutical accentaolr dosage route, including parenteral, 

intravenous, intramuscular, imraJcsionaj or subcutaneous injection, may be used to 
administer the polypeptide or antibody composition For example, the composition 
may be administered to the patient in ary oh?maceuticaliy acceptable dosage form 
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including those which may be administered to a patient intravenously as bolus or by 
continued infusion over a period of hours, days, weeks or months, 
intramuscularly — including paravertebral!) and periartkulariy - subcutaneousJy, 
intracutaneoualy, intra-articularly, intrasynovially, intrathecal^, intralesionally, 
5 periostally or by oral or topical routes Preferably, the compositions of the 
invention are in the form of a urut dose and will usually be administered to the 
patient intramuscularly 

The novd B. burgdorferi polypeptides or antibodies of this invention 
may be administered to the patient r one time or over a sene* of treatments The 

10 most effective mode of administration and dosage regimen will depend upon the 
level of immunogenicity, the particular r-omposuion and/or adjuvant used for 
treatment, the severity and course of the expected infection, previous therapy, the 
patient's health status and response to imm'ini^ation, and the judgment of the 
treating physician. For example, in an immunocompetent patient, the more highly 

15 immunogenic the polypeptide, the ! ov» er the dosage and necessary number of 

immunizations Similarly, the dosage and necessary treatment time will be lowered 
if the polypeptide is administered with an idjuvant Generally, the dosage will 
consist of 10 ^ig to 100 mg of the punfied Polypeptide, and preferably, the dosage 
will consist of 10-1000 ng GeneraPy, the dosage for an antibody will be 0 5 

20 mg-3.0g. 

In a preferred embodiment of this invention, the novel B. 
burgdorferi polypeptide is administered with an adjuvant, in order to increase its 
immunogenicity Useful adjuvants incude RIB \ and ISC OM, simple metal salts 
such as aluminum hydroxide, and oi! Hased adjuvants such as complete and 
2 5 incomplete Freund's adjuvant When an to.sec adjuvant is used, the polypeptide 
usually is administered in an emuUicn with the adjuvant 

In yet another preferred embodiment, E.coli expressing proteins 
comprising a novel B. burgdorferi po'voepi dr *re administered orally to non- 
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human animals to decrease or lessen the severity of B burgdorferi infection. For 
example, a palatable regimen of bacrena expressing a noveJ B. burgdorferi 
polypeptide, alone or in the form of a fusion protdn or muJtimcric protein^ may be 
administered with animal food to be consumed by wild mice or deer, or by domestic 
b animate Ingestion of such bacteria may induce an immune response comprising 
both humoral and cdl-mediated components See J C Sadoff et al , "Oral 
Salmonella Typhtmurrum Vaccine Expressing Circumsporozoite Protein Protects 
Against Malaria", Science 240, pp * 16-38 ( 1988) and K.S Kim et al., 
"Immunization Of Chickens With Live Escherichia coli Expressing Eimeria 
i o acervuhna Merozoite Recombinant Artisen Induces Partial Protection Against 
Cocckliosis", Inj Imnuin . 57, pp 2414-40 ( 1 989) In fact, oral vaccination with 
bacteria expressing OspA has been shown to be effective See, M. Dunne et al., 
"Oral Vaccination Against Lyme Disease Using Salmonella Expressing OspA," Inf 
>nd Iinmun,, 63: 161 1 (1995), E Fikric et al "Protection of Mice From Lyme 
15 Borreliosas By Oral Vaccination With Escherichia coli Expressing OspA," J Infec 
DUu 164:1224 (1991) Moreover, the level of /? burgdorferi infection in ticks 
feeding on such animals will be lessened or eliminated, thus inhibiting transmission 
to the next animal. 

According to yet another embodiment, the antibodies of this 
2 o invention as well as the novel B burgdorferi polypeptides of this invention, and the 
DNA sequences encoding their are useful as disrmostic agents for detecting 
infection with B. burgdorferi, because the polypeptides are capable of binding to 
antibody molecules produced in animal?; inducing humans that arc infected with 
B. burgdorferi^ and the antibodies are r?p*bic nf binding to B. burgdorferi or 
2 5 antigens thereof 

Such diagnostic agents mav be included in a kit which may also 
comprise instructions for use and otner *n;>ropnate reagents, preferably a means for 
detecting when the polypeptide or antinomy ,s ^ound For example, the polypeptide 
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or antibody may be labeled with a detection means that allows for the detection of 
the polypeptide when it is bound to an antibody, or for the detection of the antibody 
when it is bound to B. burgdorferi or an antigen thereof 

The detection means may be a fluorescent labding agent such as 
t fluorescein isocyanate (FIC), fluorescein isothiocyanate (FUC), and the like, an 
enzyme, such as horseradish peroxidase (HRP), glucose oxidase or the like, a 
radioactive element such as ^ 1 or 5 ! Cr that produces gamma ray emissions, or a 
radioactive element thai emits positions which produce gamma rays upon 
encounters with electrons presert in the test wkjtinr such as 1 ^ * 5 Q, or l3 N. 
ic Binding may also be detected by other methods for example via avidin-biotin 
complexes 

The linking of the defection means is well known in the art For 
instance, monoclonal antibody molecules produced by a hybridoma can be 
meUbobcally labeled by incorporation of radioisotope-containing amino acids in the 

15 culture medium, or polypeptides may be conjugated or coupled to a detection 
means through activated functional groups 

The diagnostic kits of the present invention may be used to detect 
the presence of a quantity of B. burgdorferi or anti-B. burgdorferi antibodies in a 
body Quid sample such as serum, plasma or urine Thus, in preferred embodiments, 

2 0 a novel A burgdorferi polypeptide or an antibodv of the present invention is bound 
to a solid support typically by adsorption from an aoueous medium Useful solid 
matrices are well known in the art, and include crosslinked dextran, agarose, 
polystyrene, polyvinylchloride, cross-linked polyacrylamide; nitrocellulose or nylon- 
based materials, tubes, plates or The wells of microtiter plates The polypeptides or 

2S antibodies of the present invention rrav be used as diagnostic agents in solution 
form or as a substantially dry powder, e g , in Ivoph^zed form 

Novel S. burgdorferi polypeptides and antibodies directed against 
those polypeptides provide much more «pcc?fic d'aejiostic reagents than whole 
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B. burgdorferi and thus may alleviate such pitfalls as false positive and false 
negative results 

In particular, one of skill in the art would understand that novel B 
burgdorferi polypeptides of this invention that are selectively expressed in the 
5 infected host and not in cultured B- burgdorferi, and antibodies directed against the 
polypeptides, allow detection of antigens and antibodies in samples that are 
undetectable by diagnostic methods using lysates of cultured spirochetes as the 
antigen 

One skilled in the art will realize that it may also be arfyiintiio^QMg 

:o the preparation of detection reagents to utilize epitopes from other B burgdorferi 
proteins, including the flagella-associated proton and antibodies directed against 
such epitopes. Antibodies to P35 and P37 tend to occur early in the course of /?. 
burgdorferi infection while antibodies against P21 and OspF tend to appear later 
Accordingly, it may be particularly advantageous to use P35 or P37 epitopes in 

ib combination with epitopes from other B. burgdorferi proteins that elicit antibodies 
that occur in the later stages of Lyme disease Diagnostic reagents containing 
multiple epitopes which are reactive with antibodies appearing at different times are 
useful to detect the presence of anti-5. burgdorferi antibodies throughout the 
course of infection and to diagnose Lyme disease at all stages 

20 The polypeptides and antibodies of the present invention, and 

compositions and methods comprising them, may also be useful for detection, 
prevention, and treatment of other ; nfections caused by spirochetes which may 
contain surface proteins sharing ammo add seqr.rr.ee or conformational similarities 
with the novel B, burgdorferi polypeptides of the present invention These other 

2t> spirochetes include Borrelia Hermsu and Borreha Recunentis^ Leptospira, and 
Treponema 

According to anotner embodiment of this invention, we describe a 
method for identifying bacterial genes encoding an antigenic proteins that are 
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expressed during infection of a host but that are not expressed during in vitro 
culture of the bacteria, the method comprising the steps of: 

(a) constructing an expression library for the bactena, 

(b) screening the library with antisera from an animal infected with 

s the bacteria, 

(c) screening the library with antisera from on animal immunized 
with non-viable bacteria or components thereof, and 

(d) identifying clones that react w^th the first antisera but not with 
the second anuser*. 

10 It will be readilv apparent to one of skill in the art that an expression 

library for use in the methods of *hs invention mav be constructed using any 

techniques known in the art. 

To generate antisera for use in the methods of this invention, any 

animal capable of generating an immune response is useful Antisera may be 
1 5 generated by any of the wide v*netv of techniques that are wdl known to those of 

skill in the art 

As used herein, bactena include am* pathogenic or non-pathogenic 
bacteria that are capable of proliferating in a host *n a preferred embodiment, the 
bacteria are pathogenic bacteria 
20 As used herein, a hos' is any living organism that may be infected by 

bacteria, including plant and animal hosts In a preferred embodiment, the host is a 
mammal. 

As used herein, non-v-.able bactena are bacteria that are incapable of 
synthesizing proteins. In a prefrrr^d embodiment the bactena are heat-killed 
2 5 bactena However, according :c tV K methods of thi5 invention, the bacteria may be 
rendered non-viaMe by any method Known in the an 
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As used herein, components of non-viable bacteria include lysates, 
homogenaies, or subcellular fractions thereof such as cell membrane containing 
fractions. 

To screen the expression library for clones that react with the 
5 amisera, any of the techniques known to those of skill m the an are useful. In a 
preferred embodiment, binding of the antisera is detected with a secondary antibody 
coupled to a detection means One of skill in the an will readily appreciate that any 
of the wide variety of detection means known in the art is useful Examples of 
useful detection means are set forth supra 
1 0 Id order that thus invention may be better understood, the following 

examples are set forth These examples are for purposes of illustration only, and 
are not to be construed as limiting the scope of the invention in any manner 

Example I - Construction and screening of a 
& hur*dorkr> exp: ^sion library 

15 A Construction of An Ex pression I.^ mry 

We began with a B. burgdorferi genomic DNA expression library 
constructed m Lambda ZAP II by Stratagene (La Jolla, CA) [T T. Lam et al., InL 
ImmuiL, 62, pp 290-298 ( 1 99+)] briefly, we grew B. burgdorferi strain N40 in 
modified Barbour-Stoenner-Keliv V SSK) II medium at 32 °C for 7 days, harvested 

2 0 by centnfiigation at 16,000 rpn\ for 30 minutes, and lysed with SDS [A G Barbour, 
"Isolation and Cultivation of Lyr. J^ease Spirochetes", Yale J Biol M*H 57, 
pp 521-25 (19*4)]. We then iscM^i the genomic: DNA from the spirochetes and 
purified it by pbenol'chlorofonr. { reaction 

To construct ths .ifr yry, 200 >ig of ON A was randomly sheared, 

25 blunt -ended with Si nuclear ?rd t >. ; RcoRl sir<-« were methylated with EcoRl 
methylase EcoRl linkers wee th.?, ;<gated to in* ends of the DNA molecules, the 
DNA was digested with EcoR l 1 iS- fragments \rere purified over a sucrose 
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gradient. Fragment* of 1 to 9 kb v. ere isolated and ligated to EcoRl digested 
Lambda ZAP II arms 

We prepared E coli SURE bacteria (Stratagene) for phage infection 
as follows. We picked a single colony into LB media supplemented with 0.2% 
5 maltose and 10 mM magnesium sulfate and cultured overnight at 30°C with 
vigorous shaking We then cemnfuged the cells at 2000 rpm for 10 minutes and 
resuspended in lOmM magnesium sulfate The cells were further diluted to 
O D 60 o = 0.5 for bacteriophage infection 

B Preparation of Ami- hurgdsx&LL Amiscia 

:o We prepared anti-tf burgdorferi N40 antisera for differentially 

screening the expression library as Allows 
1 Immune teasexa 

We prepared "immune" mouse anti-#. burgdorferi N40 antiserum as 
follows We injected 3 to 5 groups of five three-week old female C3h/HeNC f or J 

15 (C3H) mice subcutaneously with an inoculum of 10 7 heat-killed (1 hour at 60° C) 
B. burgdorferi N40 in complete Frevnd's adjuvant fCFA) We were unable to 
infect mice with the heat inactivated preparation o: to culture spirochetes from the 
preparation placed in BSK11 medium, thus confirming that all of the heat-inactivated 
spirochetes were killed We boosted the mice with the same dosage of 8. 

2C burgdorferi in incomplete Freund's adjuvant (IF A) at two weeks and four weeks 
Two weeks after the last boost, we sacrificed and bled the mice and separated the 
anti-B. burgdorferi antiserum by centnfugmg the blood at 2000 rpm for 15 minutes 
To remove antibodies in the serum thit would recognize & volt and 
phage proteins, we absorbed the antiserum with an £ co///phage lysaie (Stratagene) 

2 5 as follows. We diluted the lysate 1 - * 0 in Tris-buffered saline with 0 05% Tween-20 
(TBST) We then incubated C 45 i<M pore size nitrocellulose filters (Millipore, 
Bedford, MA) in the lysate for 30 mi mites at room temoerature, removed and air 
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dried the filters on Whatman filter paper (Whatman International Ltd , Maidstone, 
England), and washed 3 tunes (5 minutes each) with TBS W f e blocked the filters 
by immemng in 1% Bovine Serum Albumin (BSA) in TBS for 1 hour at room 
temperature and rinsing 3 times with TBST We then diluted the mouse antiserum 
5 1 5 in TBST, incubated it with the filters with shaking for 10 minutes at 37 C C, and 
removed and discarded the filters 

2. Infected Antisera 

We injected thrtr C3H/HeJ mice bv intradermal inoculation with 10 4 
B. burgdorferi N40 spirochetes We documented infect or. by cuJturiag spirochetes 

: c from the spleen, bladder and skin * ear punches) of the challenged mice and by 
histopathologic examination of the joints and heart for evidence of inflammation 
We collected serum from the infected mice at various times after infection 

Both immune and infected antisera contained a high titer of anti-fi. 
burgdorferi antibodies directed against whole cell rysates We detected antibodies 

15 in the sera of immunized and infected mice at a dilution of 1 1 5,000 and 1 1 0,000 
by immunoblot and 1 :6400 and : ??00 by ELISA, resoectively Moreover, both 
antisera recognized many B. burgdorferi antigens by immunoblot, with different 
intensities 

After absorption, we diluted the antiserum to a final dilution of 
1 : 100 and used it to screen the nitrocellulose filters containing the expressed 
proteins from the lambda ZAP library according to manufacturer's instructions 

C Differential Screentrc, of A Genomic 

B bumtorferr N4v- expression \..l^ry 

To screen the library, wc used the picoBIue I mmuno screening Krt 
25 (Stratagene) We plated 4 x \0* plaque forming imits of recombinant phage on a 
lawn of bacteria, induced protein expression with lOmM IPTG and transferred the 
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proteins to duplicate plaque lifts on nitrocellulose filters according to methods well 
known in the art 

We incubated one set of plaque lifts with pooled sera from mice 
immunized whh heat-killed spirochetes (immune sera) and the other set with sera 
5 from mice infected for nine months (infected sera) After washing, we incubated 
the filters with a 1:5000 dilution of alkaline phosphatase-conjugated goat anti- 
mouse IgG antibody (Organon Teknika Corp , West Chester, PA), and used nitro 
blue tetrazolhim (NBT) (Str»t2pen^ and 5-bromo -^-chloro-3-mdolyl phoiphate 
{±>\*w j v^u«l«jjciic; jui wjiui ucvciupmcnx we seiecteo clones ttiat reacted with 
10 infected sera but not with immune ^era for further study 

Example II - Cloning of the u2J 'IIWws&l 

Differential screening of a B. burgdorferi N40 genomic expression 
library, as described in Example I revealed one hundred seventy-two clones that 
reacted with sera from the infected mice and one hundred sixty-nine clones that 
lb reacted with sera from immunized nice We subjected the three phage clones that 
reacted differentially with the two sera to another round of screening with identical 
results 

We excised the pPhescript plasmid from one of those clones, done 
1, by infection of XLl-Blue E. con -ells and rescued with R408 helper phage 

2 0 according to the manufacturer s instrurtiors. Using *he recovered plasmid, we used 
T3 and T7 universal primers to obtain an intial sequence of the plasmid From that 
initial sequence of 100-300 btv wo made nr*w pnmers which used to extend the 
sequence 100-300 bp at a time urn' we obtained the en*ire sequence 

Alternatively, we generated a nested set of deletions in the DNA 

25 insert of clone 1 with the Erase-A B*se System (P-omega, Madison, Wl) (using 
Smal to generate the 5' blunt end r.nd SstXl to gene-ate a 3' overhang) We then 
sequenced the subclones using th? S^nv.enase Kit P>ited States Biochemical Corp., 
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Cleveland, OH) and reconstructed the entire sequence using MacVector 
(International Biotechnology, Inc , Sew Haven, CT) 

We determined the nucleotide sequence of the plasmid insert using 
the Circumvent Thermal cycle Dideoxy DNA sequencing kit (New England 
Biolabs) Conditions for denaturation, annealing and extension were: 94° C for 30 
sec., 55° C for 20 sec, and 72 0 C for 20 sec , respectively 

Analysis of the DN A sequence of the insert revealed that we had 
isolated a clone containing a compile open readme frame and a partial open 
reading frame having th? ^ouence ret forth in SFQ ID NO 1 We conducted a 
search of GcnBank (Decemb<r 1 994) with the Genetics Computer Group Program 
(University of Wisconsin Biotechnology Center Madison, WI) Our search 
revealed that we had isolated a novel, bicistronic B. burgdorferi operon. We 
designated the complete open re*d?ng frame p2I and the partial open reading frame 
k2. We designated the antigen* encoded by the two genes in the operon P21 and 
is K2, respectively 

Example III - Sequence anal ysis cf the d21/\2 ppernq 

As shown in SEO I D NO I , the p ? ! gene, at the 5' end of the 
operon, contains a 546 nucleotide ooen reading frame capable of encoding a 182- 
amino acid protein (SEQ ID NO ?) The deduced amino acid sequence of P21 

20 contains a typical prokaryotic signal sequence for oosttransiationaJ processing by 
cleavage and lipidation, suggesting that the gene product is a lipoprotein of 
approximate^ 20 7 kDa. P21 nas / :% amino acid sequence identity to B 
burgdorferi OspE (Figure 7) 

The ATG start cod?? -or the k2 gene is located 27 nucleotides 

2 5 downstream of the TAG stco co^on of the p2l p?ne The k2 gene in clone \ 
contains a partial open reading <rame c r 32 nucleotides, capable of encoding the 
first 10 amino terminal amino aoc* f SEO ID NO ^ However, based on the last 
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two nucleotides of the K2 sequence of SEQ ID NO 3, the eleventh amino acid 
must be valine Accordingly, as used heron, a K2 polypeptide is a polypeptide that 
comprises the 1 1 -amino acid sequence of SEQ ID NO 3 The amino terminal 
amino acids of K2 are 64% homologous with the amino terminal sequence of OspF 
b Therefore, we would expect that the full-length protein encoded by the k2 gene 
would have similar homology to full-length OspF protein 

A consensus ribosome binding site with the sequence -GGAG- 
(Shine-Dalgarno sequence) is located 10 bp upstream of the p2J ATG start codon 
Further upstream of this fans! ational initiation sequence ai C the promoter segments 

l o known as the "-10" region and the "-3 5" region, which are similar to those found in 
E. coli and other B. burgdorferi genes (See Figure 8 for a comparison of these 
regions between various B. burgdorferi genes) An additional ribosome binding site 
with the sequence -GGAG- is located 1 1 bp upstream of the ATG start codon of 
the k2 gene The location of these sequence elements suggests that both the p2I 

is and k2 genes are controlled by a single promoter The homology of P2 1 and K2 to 
OspE and OspF and their location in a bicistronic operon suggests that a 
recombinational event has most likely occurred between these genes in recent 
evolutionary time 

Like OspA, OspB, OspD, Osp E and OspF, the protein encoded by 

20 the p21 gene appears to be a surface lipoprotein As shown in SEQ ID NO 2, the 
protein begins with a basic N-terminal peptide of five amino acids, followed by an 
amino-termmal hydrophobic domain of about 20 amino acids that corresponds to 
the leader peptide found in typical prokaryouc lipoprotein precursors [M E Brandt 
et al , supra and C H Wu and M Tokunaga, "Biogenesis of Lipoproteins m 

2b Bacteria". Current Tonics in Microbiology and Immunnlqgy I ?s pp 127-157 
(1986)] 
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The carboxyl tcnninus of the hydrophobic domain contains a 
cleavage site presumably recognized by a B. burgdorferi signal peptidase In P2 1 , 
as in OspF, the potential cleavage site is located between Ser 17 and Cysjg 

The consensus sequence of typical bacterial lipoprotein precursors 
5 recognized and cleaved by signal peptidase II is a Leu and a Cys separated usually 
by two small neutral amino acids [C H Wu et al , supra] Indeed, the OspA and 
OspB genes of B. burgdorferi B31 contain signal sequences of-L-I-A-C- and -L-I- 
G-C-, respectively [S Bergstrom et al., "Molecular Analysis of Linear Plasmid- 
Encoded Major Surface Proteins, OsnA «r>d OspB, of the Lyme DUcase 
l o Spirochaete Borrelia burgdorferi", Mol Microbiol 3, 479-86 ( 1 989)] 

In contrast, the signal sequences of the B. burgdorferi N40 p2J 
gene (-L-I-S-S-C-), like the OspE (-L-I-G-A-C-), OspF (-L-I-V-S-C-), OspC-PKo 
(-L-F-I-S-C-) and OspD-B31 (-L-S-I-S-C-) genes, contains three amino acids 
between the leucine and cysteine instead of two (See R S Fuchs et al and S J 
x 5 Norris et al., supra ) However, despite this variation in the signal sequence, OspA, 

OspB and OspD have been shown to be lipoproteins by the established, 

3 

[ H]-paimitate labelling procedure (See M E. Brandt et al and S.J Norris et al 
supra ) The leader signal sequence of P21 suggests that this surface protem may be 
processed as a lipoprotein as well. The addition of a lipid moiety at the cysteine 

20 residue could serve to anchor the protein to the outer surface of the spirochetes (see 
H C Wu and M Tokimaga, supra) 

Finally, P21 contains l long hydrophilic domain separated by short 
stretches of hydrophobic segments 

A comparison of the DNA sequences indicates that p2l and ospE 

2 1 are closely related but distinct genes within the B burgdorferi genome, with 
identical -35 and • 1 0 promoter sequences and nbosome binding sites. The 5' 
upstream regions ofp2/ and ospE are identical upstream from the -10 sequence to 
the boundary of the 5' flanking DNA which has been sequenced (189 nt 5' of the 
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ATG)(Figure 7) Only eight nudeotidc differences between p21 and ospE arc 
evident in the area between the -10 region and the ATG start codon Upstream of 
the ATG, the following differences are noted in ospE, when compared with p2J - 
54, G, -45, C, -32, T, -30, G; -24, A, -15, C, -6, T; -3, C (where -1 is the A in the 
b ATG codon) All of the differences are located in the region likely to contain the 5' 
untranslated region of p2J mRNA 

In view of this homology between P21 and OspE, one of skill in the 
an would understand that in formulating therapeutic and diagnostic compositions, it 
may be desirable to select epitopes of P? 1 that do not cress-react with OspE 

: c Example IV - Analysis of p2I Expression In Cultured 
B. burgdorferi Bv Northern Rlnm^g 

To determine whether p2J is transcribed during in vitro culture of 
spirochetes, we assessed its expression by Northern blot analysis We isolated total 
RNA from cultured B. burgdorferi by acid guanidium thiocyanate/phenol/ 

15 chloroform extraction [cite] We electrophoresed 20 ng of isolated RNA in a 1% 
fonmaldehyde-agarose gel and blotted onto Hybond-N® membrane (Amersham) 
We generated biotinylated p21 and ospA (control) probes with a Phototope® 
random-primer biotin-labeling kit (New England Biolabs) The p21 and ospA 
probes contained the entire p2J and ospA sequences, respectively. We used 

20 amplified PCR products of p2I or ospA as templates for the random octamer- 
primed labeling reaction 

We conducted hybridization and signal detection with a Photope® 
chemiluminescent kit (New England Biolabs) Briefly, we prehybridized the blotted 
membrane in SSC for 1 hour at 68 c C and hybridized with biotinylated probes for 

2b p2l or ospA (control) at 68° C overnight We washed the membrane at a final 

stringency of 0 1 X standard saline citrate (SSC)/0 \% SDS at 68° C We detected 
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btotin-labclcd probe by a scries of incubations with streptavidin, biotinylated 
alkaline phosphatase, and lumigen-PPD 

We delected ospA RNA but no p2l RNA from cultured 3. 

burgdorferi 

Example V - Southern Dot Blot Analysis and 

PCR of Cultured B burfdnr/er, P^nftfttf 

Because in vitro culture of B. burgdorferi is often associated with 
the loss of genes or plasmids [cite], we used dot blot analysis and PCR to examine 
the genome of the cultured B. burgdorferi from which RNA was obtained for 
Northern blot analysis described in Example IV for the presence of the p2 1 gene 
A Southern Dot Blot Analyy^ 

For dot blot analysis, we spotted 2 ug of denatured X phage 
(control) or cultured B. burgdorferi DNA onto Hybond-N® membrane We first 
stained the dried membrane with ethidium bromide to confirm that an equal amount 
of DNA was present We then hybridized with the p2I and ospA probes described 
in Example IV for Northern blot analysis Both probes hybridized strongly to B 
burgdorferi genomic DNA but not to bacteriophage DNA, confirming the presence 
of the p21 gene in the cultured B. burgdorferi 
B PCR Analysis 

We subjected 10 ng of genomic DNA from cultured fl. burgdorferi 
to PCR using primers derived from the p2J gene We used the 5' and 3' primers 
shown tn SEQ ID NO 1 1 and SEQ ID NO 12, respectively These primers are 
specific for p2l and do not amplify ospE. We used the following conditions for 
PCR of cultured B. burgdorferi DNA 30 cycles with denaturing, annealing and 
2 5 extension temperatures of 94° C for 1 min., 65 °C for 1 mm , 72° C for 2 mm , 
respectively 
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Using these pnmers, we obtained a 5 13 bp PCR product of the p21 
coding region, further confirming that the p21 gene is present in the genome of the 
cultured B. burgdorferi used for Northern blot studies 

Example VI - Examination of p2I Expression By 

5 B burgdorferi In Ticks _ , 

To determine whether P2 1 is expressed by B. burgdorferi in Ixodes 
ticks, we examined iysates of flat and engorged ticks containing the spirochetes by 
indirect immunofluorescence Using the same methods, one of still in the an couid 
readily determine without undue experimentation whether other novel B 

; z burgdorferi polypeptides of this invention are expressed in ticks 

Briefly, we allowed B burgdorferi N40-infected ticks to feed to 
repletion on C3H/He mice We lightly homogenized each unfed and engorged tick 
tn 100 ul PBS and spotted a 10 ul aliquot onto a sytilated glass slide We air-dried 
the slides and fixed them with 4% paraformaldehyde and saponin We incubated 

is the specimens in a 110 dilution of antisera from mice immunized with the P2 1 - 
specific peptide prepared as in Example VII and as shown in SEQ ID NO , for 1 
hour We washed the slides and incubated them in anti-mouse IgG coupled to 
FITC ( 1 500 dilution) for 1 hour and viewed the slides under a Zeiss Axioskop® 
fluorescent microscope We used anti-OspA monoclonal antibody CIII 78, which 

20 recognizes B. burgdorferi within unfed ticks but does not readily detect spirochetes 
within engorged ticks as a positive control [De Silva et al , (1996)] We used anti- 
flagellin monoclonal antibody H9724, which recognizes B burgdorferi in both flat 
and engorged ticks as a second positive control [Cite] We used anti BSA sera as a 
negative control 

2 5 Consistently with previous studies, spirochetes were readily detected 

by flagellin-specific monoclonal antibody in both flat and engorged ticks while 
OspA-specific monoclonal antibody detected spirochetes tn flat but not in engorged 
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ticks However, no P21 -specific immunofluorescence was detected in either flat or 
engorged ucks 

To confirm that the P2 ] -specific antisera could react with P2 1 , we 
used the antisera to probe recombinant P21, prepared as in Example 12, or 
5 recombinant OspE As expected, P21 antisera readily recognized recombinant P21 
but not OspE These results indicate that P21 is also not expressed in infected 

ucks 

Example VII - Confirmation of p2I Expression in Infected Mice By 
Dot Immunoblot Analysis and RN^.p^R 

io A Pqi Immunoblut Analysis 

We next confirmed that p21 is expressed in mice infected with 
B. burgdorferi by demonstrating the presence of antibodies against P21 in sera from 
two infected mice 

We compared the amino acid sequences of P2 1 and OspE and chose 

15 a region of P2 I comprising amino acids 3 1 -40 which is unique to P2 1 . We had 
Quality Control Biocherracals (Hopkinton, MA) synthesize the peptide coupled to 
bovine serum albumin (BSA) (A cysteine was added to the amino terminus of the 
peptide for the BSA coupling reaction) The amino acid sequence of the peptide is 
set forth in SEQ ID NO 13 

2 0 We spotted 3 ug of BSA or the synthetic P2 1 -derived peptide 

coupled to BSA onto nitrocellulose membranes We incubated the dried 
membranes with either serum from mice immunized with heat-killed B. burgdorferi 
or serum from infected mice We detected bound antibody by incubating with a 
second antibody conjugated to horseradish peroxidase (ECL Western blot detection 

2 5 system, Amersham) Finally, we stained the membranes with amido black to 

demonstrate that an equal quantity of protein was present in all of the test samples 
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Sera from infected mice but not from mice immunized with heat- 
killed B burgdorferi reacted with the P21 peptide Thus, P21 is selectively 
expressed i n vivo 

B RJSAPCR 

We further demonstrated expression of p2I in infected mice using 
RNA PCR to detect p2l RNA We used acid guarudium thiocyanate/phenol/ 
chloroform extraction (Micro RNA Isolation Kit, Stratagene) to isolate total RNA 
from spleens of the mice infected with B burgdorferi via tick transmission and 
RNA from is y/Jv cultured B. burgdorferi We aiiowed five B. burgdorferi N40- 
infected ticks to feed to repletion on the mice To remove any residual DNA, we 
treated 10 ng of pooled RNA with RNase-free DVase (Promega) for 3 hours at 37° 
C with HPRI and the Rnase inhibitor We conducted the RNA PCR with and 
without reverse transcriptase to exclude the possibility that residual DNA might 
also be amplified We synthesized cDNA by reverse transcription with Moloney 
murine leukemia virus reverse transcriptase (Stratagene) and 3' primers for either 
p2J (murine tissue and cultured B. burgdorferi), v-actin (murine tissue control), or 
ospA (cultured B. burgdorferi control) We subsequently inactivated the reverse 
transcriptase by heating for 5 min. at 95° C We then added 5' primer for p2f y- 
actin or ospA and carried out PCR for 45 cycles of 94° C for 1 min., 55° C for 1 
min and 72° C for 2 min 

We obtained a S 13 bp product from RNA PCR of/?27 only in the 
presence of reverse transcriptase. To confirm the identity of the amplified product 
&%p2f we denatured and electrophoresed RNA PCR products, transferred them to 
Hybond-N® membrane and hybridized with p2J probes as described in Example IV 
for Northern blot analysis The absence of product without reverse transcriptase 
confirms that DNA was not amplified We obtained no amplification with p2J- 
specific primers from RNA prepared from uninfected mice or from RNA PCR of B. 
burgdorferi cultured in y^ tro 
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Example VIII - Sequence Amlvm of the pIS »nd p}7 Q^ncri 

We differentially screened the lambda Zap II B. burgdorferi 
expression library exactly as described in Example I but using sera from mice 
immunized with heat-killed B burgdorferi and mice infected for 90 days with live 
5 B. burgdorferi We identified 14 phage clones that reacted with antibodies in the 
sera from infected mice but not with antibodies in sera from mice immunized with 
heat-killed spirochetes 

We selected two of the clones that reacted strongly to the infected 
antisera, excised the plasmids and sequenced the inserts as described in Example 1 

10 One insert contained an open reading frame of 927 nucleotides encoding a 309 
amino acid protein (SEQ ID NO 5) We conducted a search of GenBank (July 
1995) with the Genetics Computer Group Program (University of Wisconsin 
Biotechnology Center, Madison, WI) Our search revealed that we had isolated a 
novel, B. burgdorferi gene which wc designated p35 We designated the antigen 

1 5 encoded by the gene P3 5 

The other insert contained an open reading frame of 996 nucleotides 
encoding a 332 amino acid protein (SEQ ID NO 7) A search of GenBank (July 
1995)revealed that we had isolated a second novel, B. burgdorferi gene which we 
designated p37, We designated the antigen encoded by the gene P37 

20 As is evident from SEQ ID NO. 7, the deduced amino acid sequence 

of P37 reveals a leader peptide similar to those found in typical prokaryotic 
lipoprotein precursors At the carboxy terminus of the hydrophobic core is a 
potential signal peptidase II cleavage site between Ser, 9 and CySjo P35, however, 
has a potential cleavage site with five amino acids intervening between the Leu and 

25 the Cys, making a lipoprotein less likely It will be necessary to look for further 
evidence of to confirm that P35 is a lipoprotein Finally, P37 contains a long 
hydrophilic domain separated by short hydrophobic segments The hydrophihcity 
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profiies of P35 and P37, shown in Figure 6 suggest that both are hydrophilic 
proteins We identified -35 and -10 regions as well as ribosome binding sites 
upstream of the respective open reading frames 

5 Example IX - Mapping of the p2L p35 and p37 Genes 

We mapped \hcp21, p35 and p37 genes by pulsed-field 
electrophoresis (PFGE) with total B burgdorferi N40 DNA using a modification of 
the technique described in M S Ferdows and A G Barbour, "Megabase-Sized 
Linear DNA in the Bacterium Borreha burgdorferi, the Lyme Disease Agent", 

io Proc Natl Acad Set . 86, pp 5969-5973 (1989) Briefly, we treated DNA plugs 
containing approximate^ 10^ B. burgdorferi N40 with sarkosyt, lysed overnight 
with proteinase K and then separated the chromosomal and plasmid DNA by 
loading onto a 0 8% agarose gel We electrophoresed the DNA in Tns-borate- 
EDTA (TBE) buffer (0.025 M Tns, 0 5 mM EDTA, 0.025 M boric acid) using the 

is Chef-DRII® system (Bio-Rad Laboratories, Richmond, Calif.) at 14°C for 18 hours 
at 198V, with ramped pulse times from 1 to 30 sec. For two-dimensional 
electrophoresis of the B. burgdorferi DNA, we changed the direction 90 degrees 
and electrophoresed again at a constant voltage of 80v for 6 hours 

We transferred the pulsed-field H. burgdorferi DNA to nitrocellulose 

20 membrane and probed with PCR-amplified radiolabeled p2J, p35, p37 probes We 
used p30 t ospA and ospD probes as controls in the Southern blot We generated 
p35 and pi 7 probes labeled with [a-"P]dCTP, using the Prime-It® random primer 
kit according to the manufacturer's protocol (Stratagene) 

As expected, the ospA and ospD probes hybndized to plasmids 

25 migrating at 49 kb and 38 kb, respectively [A G Barbour and C F Garon, "Linear 
Plasmids of the Bacterium Borrelia burgdorferi Have Covalently Closed Ends", 
Socncc 237, pp 409-41 1 (1987) and S.J. Noms et al., supra). The p30 probe 
identified the chromosome The full-length p21 probe bound at three locations but 
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a/?2Aspecificprobc(SEQIDNO 1 4) recognized a circular plasmid TheP35 
probe bound to a plasmid which appeared to migrate with the same mobility as a 
linear plasrrud of around 42 kb. The P37 probe bound to a plasmid which appeared 
to migrate with the same mobility as a linear plasmid of around 16 kb 

5 Example X - Analysis of Cultured 

B. burgdorferi For p 35 or P 31 Expreaiion 

To determine whether p35 or p37 are transcribed in vitro , we 
performed the same analyses as set forth in examples IV and V The 5 l and 3' 
primers used for PGR analysis are shown in SEQ ID NOS 15 and 16 (for p35) and 
io in SEQ ID NOS 17 and 18 (for p37) 

The results of these analyses confirmed that p35 and pi 7 are 
transcribed in vitro . 

Example XI - Confirmation of p35 And p37 Expression In Infected 

Mice bv Immunoblot Analysis and RNA- PCR 

1 5 We used the same dot blot and RNA PCR methods employed in 

Example 6 and the primers used in Example 9 We confirmed that p35 and p37 are 
expressed in infected mice Therefore, p35 and p37 are selectively expressed w 
vivo 

Example XII - Expression of P21. P35 and P37 Polvpept^M 
20 To express the novel B burgdorferi genes of this invention, we 

utilized the pMX vector, which is capable of directing expression of cloned inserts 
as glutathione S-transferase fusion proteins [see J Sears et a! , "Molecular Mapping 
of OspA-Me<kated Immunity to Lyme Borreliosis , \ J Imminnl 147, pp 1995- 
2000 ( 1 99 1 )] The PMX vector also contains a thrombin cleavage site immediately 
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following the GT protein, thus, allowing the recovery of recombinant proteins 
without the GT fusion partner 

We first used PCR to amplify the P37 gene lacking the sequences 
encoding the hydrophobic leader peptides We chose to delete that sequence to 
s ensure that the polypeptide would be expressed as soluble fusion protein rather than 
as a lipoprotein, which would be anchored to the cell membrane or might aggregate 
elsewhere in the cell during or after biosythesis 

To facilitate subcloning, we amplified the genes using primers with 
additional restriction enzyme digestion Etes We amplified the p2i gene using a 5' 

1 o primer with an additional BamHI site and a 3'pnmer with a Hind III site (SEQ ID 

NO 21 and 22) We amplified the p35 gene using a 5' primer with an additional 
Xhol restriction enzyme digestion site and a 3' primer with a supplementary Hind 
III site [SEQ ID NO 23 and 24] 

We amplified the p37 gene using a 5' primer with an additional 
1 5 BamHI restriction enzyme digestion site and a 3' primer with a supplementary Xhol 
site [SEQ ID NO 25 and 26] We used 50 ng of plasmid DNA excised from initial 
phage colonies using the R408 helper phage as a template for the genes 

We performed the PCR for 30 cycles with initial template 
denaturation at 94°C for 1 minute, annealing at 40°C for 2 minutes and extension 

2 0 at 72° C for 3 minutes 

We digested the amplified gene products with BamHI ip21\ Xhol 
and Bam HI {p3S) or Hind III and Xhol (p3 7) and cloned onto the corresponding 
sites in the PMX plasmid We then used the ligation mixture to transform 
Escherichia coli DH5a according to methods well known to those of skill in the 
2 b art We isolated colonies containing the recombinant plasmid on Luria broth 
supplemented with ampicillin and cultured the cells 

We induced expression of the genes as glutathione S-transferase 
fusion proteins by growing the transformed bacteria to logarithmic phaae and 
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adding 1 mM isopropyl-l-thi-beta-galactoside (IPTG) for 3 hours One of skill in 
the art could readily express the other B. burgdorferi polypeptides of this invention 
without undue experimentation following the above-described techniques 

Example XIII * Purification of Recombin ant Fusion Protein* 

After inducing protein expression as described in Example XI, we 
placed the K coil in phosphate buffered saline (PBS) with 1% Triton and subjected 
them to somcation We purified the glutathione S-transferase-5. burgdnrfen 
polypeptide fusion proteins (GT-P21, GT-P35, GT-P37 and GT-M30) from cell 
lysates as follows 

We separated the cell supernatant and pellet by centrifugation at 
lOOOx for 8 mins and passed the supernatant containing the recombinant fusion 
proteins over a glutathione- Sepharose 4B column (Pharmacia) according to the 
manufacturer's instructions We cluted the fusion protein from the column using a 
solution containing excess glutathione and quantified using the Bradford assay 

In addition, to purify the B burgdorferi proteins without the 
glutathione S-transferase, we loaded the glutathione S- transferase fusion protons 
over the glutathione- Sepharose 4B column, added 25 units of thrombin to cleave 
the recombinant B. burgdorferi protein from the GT and incubated overnight at 
room temperature We then duted the proteins with 50 mM Tns-CaCI 2 -NaCl, 
treated the ehient with anti-thrombin beads for 1 5 to 2 hours and centrifuged at 
13,000 rpm 

One of skill in the an would understand that other novel B. 
burgdorferi polyeptides of this invention may be readiry purified without undue 
experimentation using these procedures 
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Example XTV - Preparation Of Antibodies Directed Against The 
& burgdorferi Polypeptides Of This Invention 

We generated antibodies directed against the novel B. burgdorferi 
polypeptides of this invention as follows We immunized C3H/He mice (Frederick 
5 Cancer Research Center, Frederick, MD) subcutaneously with 10 micrograms of 
either GT-P21, P21 -specific peptide of SEQ ID NO 13 bound to BSA, GT-P35 or 
GT-P37 in complete Freund s adjuvant (CFA) and boosted with the same amount of 
antigen in incomplete Freund's adjuvant (IFA) at 1 4 and 28 days according to 
published protocols We immunized control mice in the same manner with either 
i o recombinant glutathione S-transferase or BSA 

Fourteen days after the last boost, we collected sera from the 
immunized animals and used it to hybridize to Western blots of SDS-PAGE gels of 
recombinant GT-P21, BSA-linked P21 -specific peptide, P35 or P37 polypeptides 

Recombinant P35 and P37 elicited antibodies in mice that were 

1 5 detectable by immunoblotting at a dilution of up to I 5000 We also detected 

binding by ELISA. 

Example XV - Isolation of the Full-Length K2 Pnh/pgptifip 

The full-length K2 polypeptide and DNA encoding it may be isolated 
by a variety of methods available to one of skill in the art For example, antiserum 
20 raised against the peptide set forth in SEQ ID NO 3 may be used to screen a 
B, burgdorferi expression library for clones capable of expressing the protein 
Alternatively, an expression library could be constructed in which smaller fragments 
of B burgdorferi DNA are cloned in frame into an expression vector from which 
they would be expressed as glutathione S-transferase fusion proteins, such as 

2 5 pGEX-2T, pMX, or pGEMEX Such a library would have a high likelihood of 

expressing the sequence as a fusion protein, even if it is normally linked to a 
promoter that is not transcriptionally active in £ colt. 
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Alternatively, the DNA encoding the peptide set forth in SEQ ID 
NO 3 may be used as the basis of an oligonucleotide probe to screen a small cDNA 
library 

Example XVI - Characterization of the Immune Response 
To Novel R burgdorferi Polypeptide 

A Murine Humoral Response 

To characterize the immune response to the B. burgdorferi 
polypeptides of this invention, we infected C3H/He mice by intradermal inoculation 

4 

with 10 B. burgdorferi N40 or by tick-transmission using B. burgdorferi N40 
infected / scapvians ticks (Harvard School of Tropical Public Health) In the tick 
transmission studies, we exposed mice to 5 ticks infected with B. burgdorferi N40 
We allowed the ticks to feed to repletion and collected them over a water bath for 
examination 

We collected sera from infected mice at day 7, 14, 30, 90 and day 
1 80 after infection WE stored the samples overnight in test tubes for clot 
formation and isolated the sera by centrifugation for 30 min. at 9O0X g We then 
used the sera in ELISA with purified GT-P21, BSA-hnked P21 -specific peptide, 
GT-P35 or GT-P37 polypeptides as follows 

We coated duplicate sets of 96- well micro titer plates with the 
various recombinant polypeptides (200 micrograms { 1 Mg/ml, 200 mlAvell } and 
incubated overnight at 4° C To prevent non-specific binding, we blocked with 100 
^1/mJ of 10% fetal calf serum in PBS for 1 hour We washed the plates three times 
with 0.05% PBS Tween (PBST) We added triplicate samples of sera (200 
microliters/ wclL diluted 1 100) to the coated plates and incubated for 1 hour at 
room temperature^ 8 hours at 4°C We then washed the plates 3 times with PBST 
and added goat anti-mouse IgM or goat anti-mouse IgG, each diluted 1 2000 and 
linked to alkaline phosphatase, to each well We incubated the plates at room 
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temperature for 1 hour and washed 3 time* with PBST Finally, we added 200 
microliters of freshly prepared p-nitrophenol phosphate (1 mg/ml in glycine buffer 
{pH 10.5}) to each well and monitored the color change at 405 nanometers We 
stopped the reaction with 3M NaOH. 
5 We detected high titers of antibodies to both P35 and P3 7 as early as 

14 days after infection The response peaked 30 days after infection, diminished by 
60-90 days after infection and almost disappeared by 1 80 days P2 1 -specific 
antibodies appeared in sera of mice on day 28 and persisted throughout the course 
of infection 

: o One of skill in the art can readily determine without undue 

experimentation the munne humoral response to other novel h. burgdorferi 
polypeptides of this invention using the procedures taught herein 
B Human Humoral Rcapon.sc 

We also characterized the human immune response to the P21, P35 

lb and P37 proteins For the P21 study, we obtained a panel of 82 patients 1 sera from 
the Yale Lyme Disease Clinic and a panel of 40 patients' sera from the Centers for 
Disease Control (CDC) Patients were classified as having early or late stage Lyme 
disease based on the clinical presentation, as documented by a physician, and serum 
antibodies to B. burgdorferi , according to CDC-defined disease criteria Over 60% 

20 of the patients that donated samples to the CDC were culture positive for B 

burgdorferi Patients from the Yale clinic were not routinely assessed for infection 
by culture 

We used the sera in ELISA whh recombinant GT-P21, BSA-lmked 
P21 -specific peptide We found that 20 of the 82 sera (24%) from the Yaie clinic 
2 5 had IgG antibodies to recombinant P2I and 8 of those 20 also had anti-P2l IgM 
antibodies. Out of the 20 sera with anti-P2 1 antibodies, 4 had IgM and 1 6 had IgG 
antibodies that bound to P21 -specific peptide We found that 13 of the 40 sera 
(33%) from the CDC had IgG and/or IgM antibodies to P21 Of those 13 sera, 1 1 
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had lgG and 4 had IgM antibodies that bound to P21 -specific peptide In general, 
we detected IgM responses m patients with Lyme disease of 3 months or less 
duration We detected IgG antibodies tn patients with a disease course of greater 
than 3 months and in 56% of the patients with Lyme arthritis 
* For the P35 and P37 ttudies, we used the 40 sera from the Centers 

for Disease Control and sera from an additional 25 patients with well-documented 
Lyme disease who were seen at the Yale clinic and at the Connecticut Agricultural 
Research Station 

We used the scth in EL!SA with recombinant GT-F35 and GT-P37 
10 as described above, using goat anti-human lgG and IgM as the secondary 
antibodies 

We found that all of the sera from the CDC had IgG responses to 
P35 and P37 Because of the high reactivity to recombinant P3S and P37, we 
tested sera from an additional 25 patients with well-documented Lyme disease who 
is were seen in our clinic and Lyme disease laboratory at Yale University Medical 
School and the Connecticut Agricultural Research Station Of these, 22 sera had 
antibody response to P35 and 20 sera had antibody response to P37 

Example XVII - Ability of Novel B. burgdorferi 
Polypeptides To Protect Against 
20 B. burgdorferi Infertinn 

To determine whether the novel B. burgdorferi polypeptides of this 
invention were able to elicit an immune response that would be effective to protect 
against B burgdorferi infection, we actively immunized C3H/He mice 
subcutaneously with 10 micrograms of recombinant GT-P35 or recombinant GT- 
2 5 P37 polypeptides in CFA and boosted at U and 28 days wnh the same amount of 
antigen in IF A according to published protocols We immunized control mice in the 
same manner with recombinant GT We then attempted to infect the immunized 
mice with B burgdorferi N40 
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We grew a low passage isolate of B. burgdorferi N40 with 

demonstrated infectivity and pathogenicity in C3H/He mice, to log phase at 33° C 

in BSK II medium and counted with a hemacytometer under dark-field microscopy 

We challenged the actively immunized mice approximately 14 days after the last 

4 

5 boost with intradermal inoculations of 10 spirochetes and sacrificed fourteen davs 
after infection 

At sacrifice, we asepticaily collected the blood, spleen, bladder and 
ear punches, cultured the tissues in BSK II medium for two weeks and examined by 
darkfield microscopy for spirochetes At the same time we sectioned, formalin 
l o fixed and paraffin embedded, and then examined joints and hearts for inflammation. 
We examined the heart and tibiotarsi blindly We characterized arthritis by edema 
and synovial infiltration with neutrophils and lymphocytes We characterized 
carditis by the presence of aortitis, myocarditis or pericarditis. 

Preliminary results generated using these methods suggest that P3 5 
15 or P3 7 may confer protection 

Example XVIII - Protection against tick-mediated 
transmission 

We also determined whether the novel B. burgdorferi polypeptides 
of this invention were able to elicit an immune response that would be effective to 

7 0 protect against tick-mediated transmission of the spirochete We obtained 

spirochete-free Ixodes dam mint ticks from the Harvard School of Public Health, 
which maintains a laboratory colony derived from an Ipswich, MA population. We 
infected the ticks (at the larval stage) by allowing them to feed to repletion on 
outbred CD-I mice that had been previously infected (three weeks prior to serving 

25 as hosts) by intradermal inoculation of 10 3 B, burgdorferi N40 spirochetes Upon 
repletion, we collected engorged larvae, pooled them m groups of 100-200, and 
permitted them to molt to the nymphal stage at 21 °C and 95°/o relative humidity 



WO 97/42325 



PCT/USW06610 



-65- 

Wc determined the prevalence of infection in each pool by immunofluorescence of a 
representative sample ( 1 0 ticks) three weeks after molting We used only those 
pools having an infection prevalence of greater than 70% for challenge experiments 
We actively immunized mice with GT-P35, GT-P37, or both, GT- 
5 P21 or GT (control) as described in Example XVII Two weeks after the last 
boost, we placed 5/1 5 infected nymphal ticks on each mouse, allowed them to feed 
to repletion and then allowed them to detach naturally over water Two weeks later 
we sacrificed the mice and cultured the tissues for spirochetes and examine the 
organs, as described above 

1 o Immunization with GT-P2 1 did not protect mice from infection or 

disease Each mouse in the control and treatment group developed specific 
antibody titer of at least 1 .5000 which have been found to be sufficient to protect 
mice from infection and disease in cases of protective antibodies like OspA (Fikrig 
et al > 1992) Mice were challenged with spirochetes at the peak antibody titer 

lb period which is a week after the final boost It is possible that P2 1 is not expressed 
in high quantity in the early stages of infection We have shown the appearance of 
P2 1 -specific antibody 28 days post infection when it may be expressed in very low 
quantity h is also possible that immunization with P21 did not produce sufficient 
protective antibodies in mice or that P2 1 was not expressed in sufficient quantity on 

20 the surface of the spirochete to make them vulnerable to antibody-mediated killing. 

Example XIX - Decrease in spirochete load in ticks 
ftwting nn imnn m j rf ^ animals 

Previous studies have shown that immunization of mice with 
recombinant OspA can eliminate the spirochetes from ticks feeding on the 

2 5 immunized animals [E Fikrig et al , "Elimination of Borrrlia burgdorferi from 

vector ticks feeding on OspA- immunized mice", Proc Natl Acad Sci T 89, pp 
5418-5421 (1992)] Thus, to determine if spirochetes also are killed when infected 
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ticks fed on animals immunized with the novel B. burgdorferi polypeptides of this 
invention we conduct the following experiment 

We place five Ixodes damnum ticks, infected as described in 
Example XVIII, on each of 1 2 control mice immunized with GT or 12 mice 
immunized with GT-P21 After feeding to repletion, the ticks are allowed to 
naturally detached over water Only a portion of the ticks are recovered from each 
group, the remainder apparently having been ingested by the mice Ten days post- 
repletion, we homogenized individual ticks in 100 ul of PBS in a 1 .5 ml microfuge 
tube and spotted 10 ul aliquots on each of three slides we allowed the slides to 
air-dry, fixed in coid acetone for 10 minutes, and assayed by direct or indirect 
immunofluorescence 

For the direct immunofluorescence assay, we incubated the slides 
with FITC-conjugated rabbit anti-fl burgdorferi N40 antiserum at a dilution of 
I 100, mounted under a coverslip and examined on a Zeiss Axioscop® Fluorescent 
Microscope We quantified the spirochetes by counting the number of fluorescing 
cells in approximately 20 fields per slide 5. burgdorferi infection rates were similar 
within ticks that fed on immunized and control mice indicating that immunization 
with GT-P21 does not protect against infection 

One of skill in the art would understand that the effect of 
immunization with other novel B. burgdorferi polypeptides of this invention can be 
readily determined without undue experimentation using the methods taught herein 

Example XX - Passive Immunization of Mice With 
Anti-P35 or Anti-P37 Antiserum 

To determine if antiserum from animals immunized with 
recombinant B. burgdorferi polypeptides would confer protection, we passively 
immunized mice with 0 2 ml of GT-P35, GT-P37 or anti-P35/P37 anusera We 
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10 



then challenged the passively immunized mice with 10 4 B. burgdorferi N40 at one 
day after the immunization 

Preliminary results indicate that the frequency of B. burgdorferi 
infection and the disease course in passively immunized mice appeared to be the 
same as in the control mice 

^ In a separate study, we inoculated three groups of 5 sad mice with 

10 B burgdorferi N40 and then injected 0 5 ml of antiserum (diluted 110) from 
either GT-P21 immunized, GT immunized or 90 dav infcrw ™. ce OR d ~ v - ■ - s 
and 12 post-inoculation We sacrificed the mice on day 15 and cultured Wood, 
bladder . spleen and skin from the inoculation site in BSK II medium We also 
examined the tibiotarsi and heart of each mouse for inflammation The rate of 
infection and disease in mice passively immunized with P2 1 antiserum was similar to 
the rates in control mice Mice passive immunized with 90 day antiserum from B. 
burgdorferi infected mice were substantially protected from infection 
Again, one of skill in the art would understand that to detect a protective effect, 
one could various of the experimental conditions For example, one could obtain 
antiserum by immunization with a recombinant polypeptide without GT, collect 
antiserum at a different time point when the titer is higher, passively immunize with 
more antiserum, decrease the spirochete dose, or other means known in the an 

2 o Example XX] - Additional Clones of In Vivn 

Expressed 8. burgdorferi Polyp eptides 

We have performed preliminary analyses of two additional clones 
produced by the screening set forth in Example 1 We designated those clones V 1 
and V3 We deposited plasmtds pVI and pV3, contained in VI and V3 
respectively, on May 7, 1996 at the American Type Culture Collection, 12301 
Parkiawn Drive, Rockville, MD Clone V3 has been sequenced (SEQ ID NO 10) 
One of skill in the art could conduct similar experiments as set forth above to 
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confirm that the polypeptides encoded by these clones are selectively expressed in 

vivo 

We have also performed preliminary analyses of the remaining clones 
identified in the screening set forth in Example VII. Based on the ability of each 
5 clone to cross-hybridize to the others, we separated those clones into five groups 
At least three genes were identified in addition to those encoding P35 and P37 The 
DNA and amino acid sequences of one of those genes, designated M30, is set forth 
in SEQ ID NOS: 8 and 9 We designated the other genes J] and J2 Plasmids from 
clones corresponding to Jl have been deposited as pi 5 and p 5 under ATCC 

l o accession numbers Plasmids from clones corresponding to p2, p7 and p9 

have been deposited under ATCC accession numbers 



Example XXII - Determinati on of Protective Epitopes 

We construct recombinant genes which will express fragments of the 
novel B. burgdorferi polypeptides in order to determine which fragments contain 

1 5 protective epitopes First, we produce overlapping 200-300 bp fragments which 
encompass the entire nucleotide sequence of each of the genes, either by restriction 
enzyme digestion, or by amplification of specific sequences of using PCR and 
oligonucleotide primers containing restriction endonuclease recognition sequences, 
as described supra We then clone these fragments into an appropriate expression 

2 o vector, preferably a vector from which the fragments will be expressed as fusion 
proteins, in order to facilitate purification and increase stability For example, the 
gene fragments could be cloned into pGEMEX (Promega, Madison, WS) and 
expressed as T7 gene 10 fusion proteins Such proteins would be insoluble and thus 
easily purified by recovery of the insoluble pellet fraction followed by solubilization 

2 5 in denaturants such as urea. Alternatively, the fragments could be expressed as 
glutathione S-transferase fusion proteins as described above We then transform 
appropriate host cells and induce expression of the fragments 
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One way to identify fragments that contain protective B-cell epitopes 
is to use the individual purified fragments to immunize C3H/HeJ mice, as described 
above After challenge of the mice with B. burgdorferi, we determine the presenc* 
of infection by blood and spleen cultures and by histopathologic examination of the 
joints and heart 

Another technique to identify protective epitopes is to use the 
various fragments to immunize mice, allow ticks infected with B. burgdorferi to 
feed on the mice, and then determine, as m forth j- Example VIII, whether the 
immune response elicited by the fragments is sufficient to cause a decrease in the 
level of B. burgdorferi in the ticks Any epitopes which elicit such a response, even 
if they are not sufficient by themselves to confer protection against subsequent 
infection with B, burgdorferi, may be useful in a multicomponent vaccine 

Once we have localized various epitopes to particular regions of the 
fusion proteins, we conduct further analyses using short synthetic peptides of 5-35 
amino acids The use of synthetic peptides allows us to further define each epitope, 
while eliminating any variables contributed by the non-5, burgdorferi portion of the 
fusion protein 

Example XXIII - Preparation of a imiltirn^ pffnnit Yarrinr 

We determine which of the protective epitopes is able to elicit 
antibodies that will protect against subsequent infection with strains of B 
burgdorferi other than the strain from which the Osp gene was cloned We then 
design a vaccine around those epitopes. If none of the protective epitopes is able to 
confer protection against infection with other strains of B burgdorferi, it may be 
particularly advantageous to isolate the corresponding novel B burgdorferi 
polypeptides from those strains A multicomponent vaccine may then be 
constructed that comprises multiple eprtopes from several different B. burgdorfer, 
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isolates Such a vaccine will, thus, elicit antibodies that will confer protection 
against a vanety of different strains 

Example XXIV - Identificatio n of T cell ep i t opes 

Stimulation in animals of a humoral immune response containing 
5 high titer neutralising antibodies will be facilitated by antigens containing both T cell 
and 3 ceii epitopes To identify those polypeptides containing T cell epitopes, we 
infect C3H/HeJ mice with B. burgdorferi strain N40 in complete Freund's adjuvant, 
as described supra Ten days after priming, we harvest the lymph nodes and 
generate m vitro T cell lines These T cell lines are then cloned using limiting 

1 o dilution and soft agar techniques We use these T cell clones to determine which 

polypeptides contain T cell epitopes The T cell clones are stimulated with the 
vanous polypeptides and syngeneic antigen presenting cells Exposure of the T cell 
clones to the polypeptides that contain T cell epitopes in the presence of antigen 
presenting cells causes the T cells to proliferate, which we measure by 3 H- 
is Thymidine incorporation. We also measure lymphokine production by the 
stimulated T cell clones by standard methods 

To determine T cell epitopes of the polypeptides recognized by 
human T cells, we isolate T cell clones from B. burgdorferi -infected patients of 
multiple HLA types T cell epitopes are identified by stimulating the clones with the 

2 0 various polypeptides and measuring 3 H-Thymidine incorporation The various T 

cell epitopes are then correlated with Class II HLA antigens such aa DR, DP, and 
DQ The correlation is performed by utilization of B lymphoblastoid cell lines 
expressing various HLA genes When a given T cell clone is mixed with the 
appropriate B lymphoblastoid cell line and a novel B. burgdorferi polypeptide, the 
2 b B cell will be able to present the polypeptide to the T cell Proliferation is then 
measured by H-Thymidine incorporation 
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Alternatively. T cell epitopes may be identified by adoptive transfer 
of T cells from mice immunized with various of the novel B. burgdorfen 
polypeptides of this invention to na.ve mice, according to methods well known to 
those of skill in the art [See. for example, M S DeSouza et a) , "Long-Term Study 
of Cell-Mediated Responses to Borrelm burgdorferi in the Laboratory Mouse". 
Infect Immiin, 61, pp 1 814-22 (1993)] 

We then synthesize a muhicomponent vaccine based on different T 
cell epitopes Such a vaccine is useful to elicit T cell responses m a broad spectrum 
of patients with different HLA types 

We also identify stimulating T cell epitopes in other immunogenic B. 
burgdorfen polypeptide, or in non-5, burgdorfen polypeptides and design 
multicomponent vaccines based on these epitopes in conjunction with B cell and T 
cell epitopes from the novel B. burgdorfen polypeptides of this invention 

Example XXV - Construction of fusion proteins 
comprising T and B tflitnim 

After identifying T cell epitopes of the novel B. burgdorferi 
polypeptides, we construct recombinant protems comprising these epitopes as well 
as the B cell epitopes recognized by neutral.zmg antibodies These fusion protein,, 
by virtue of containing both T cell and B cell epitopes, permit antigen presentation 
to T cells by B cells expressing surface immunoglobulin These T cells in turn 
stimulate B cells that express surface .mmunoglob.n, leading to the production of 
high titer neutralizing antibodies 

We also construct fusion proteins from the novel B burgdorferi 
polypeptide, by Hnking reg.ons of the polypeptides determmed to contain B cell 
epitopes to strong T cell epitopes of other antigens We synthesize an 
oligonucleotide homologous to ammo aci ds 1 20 to 1 40 of the Hepatit.s B virus core 
•ntigen This region of the core antigen has been shown to contain , it ron g T cell 

epitope rn p vfinir^ - ,. ^ 
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and 3' ends of segments of DNA encoding the B cell ep.topes recognized by 
neutralizing antibodies, as in Example XI The recombinant DNA molecules are 
then used to express a fusion protein comprising a B cell epitope from the novel B 
burgdorferi polypeptide and a T cell epitope from the core antigen, thus enhancing 
the immunogenicity of the polypeptide 

We also construct fusion proteins comprising epitopes of the novel 
t burgdorferi polypeptides as well as epitopes of the tetanus toxoid protein 

We also construct a plasmid containing the B cell epitopes of various 
of the novel B burgdorferi polypeptides incorporated into the flagellin protein of 
Salmonella Bacterial flagellin are potent stimulators of cellular and humoral 
responses, and can be used as vectors for protective antigens [S M C Newton, C 
Jacob. B Stocker, "Immune Response To Cholera Toxin Epitope Inserted In 
Salmonella Flagellin", Science, 244, pp 70-72 (1989)] We cleave the cloned H 1- 
d flagellin gene of Salmonella muenchens at a unique Eco RV site in the 
hypervariable region. Wc then insert blunt ended DNAs encoding protective B cell 
epitopes of the polypeptides using T4 DNA hgase The recombinant plasmids are 
then used to transform non-fiagellaie strains of Salmonella for use as a vaccine. 
Mice are immunized with live and formalin killed bacteria and assayed for antibody 
production in add.tion spleen cells are tested for proliferative cellular responses to 
the peptide of interest Finally the mice immunized with this agent are challenged 
with B. burgdorferi as described supra 

We also construct fusion proteins comprising B cell epitopes from 
one of the novel B. burgdorfen polypeptides and T cell epitopes from a different 
novel B. burgdorferi polypeptide or other immunogenic B. burgdorferi 
polypeptides Additionally, we construct fusion proteins comprising T cell epitopes 
from novel B. burgdorferi polypeptides and B cell epitopes from a novel B 
burgdorferi polypeptide and/or other immunogenic B. burgdorferi polypeptides 
Construction of these fusion proteins is accomplished bv recombinant DNA 
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techniques well known to those of skill in the an Fusion preterm and antibodii 
directed against them, are used in methods and composition to detect, treat, and 
prevent Lyme disease as caused by infection with B burgdorferi 

While we have described a number of embodiments of this invention, 
it is apparent that our basic constructions may be altered to provide other 
embodiments which utilize the processes and products of this invention. Therefore, 
't wi!! be appreciated thai the scope of this invention is to be defined by the 
appended claims, rather than by the specific embodiments which have been 
presented by way of example 
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(i) APPLICANT : Flavell, Richard A. 

Fikrlg, Erol 
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(11) TITLE or INVENTION ; B . BURGDORFERI POLYPEPTIDES EXPRESSED IN 

VIVO 
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(A) ADDRESSEE: Tiah i Neave 

(B) STREET : 1251 Avenue of the Am«ncao 
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(2) INFORMATION FOR SEQ ID NO : 1 : 

Uj SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 752 base paira 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 
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<B> LOCATION: 7 2 1.. 7 5 0 



{XU SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GGAGAGATTT TTGGGAGTTG GTTAAAATTA CATTTGCGTT TTGTTAATAT GT AACAGCT G 60 

AATQTAACAA AATTATATAT TTAAATCTTT CAAAAATTGT AATTATTATG TAATATGGTA 12 0 

TGATTAAGAT TTATGGAGAA A TTT ATG AAT AAG AAA ATG TTT ATT GTT TGT 171 

Met Asn Lys Ly« Met Phe n« val Cya 

1 5 

OCT GTT TTT GCA CTT ATA AGT TCT TGC AAG ATT CAT ACT TTA TCT ATG 2 19 

Ala Val Phe Ala Leu lie Ser Ser Cys Lys lie His Thr Leu Ser Met 

!0 15 20 2S 

TAT GAT GAG CAA AGT AAT AAT GAG TTA AAA GTT AAG CAA AGC AAT GGC 2 67 

Tyr A»p Glu Gin Ser Aan Asn Glu Leu Lys Val Lys Gin Ser Asn Glv 

30 35 40 

GAG GTG AAA GTT AAA AAA ATA GAA TTC TCT GAA TTT ACT GTA AAA ATA 31 - 

Glu Val Lys Val Ly* Lys lie Glu Phe Ser Glu Phe Thi Val Lys He 
45 50 55 

AAA TAT AAA AAA GAC AAT AGC AGT AAT TGG GAA GAC TTA GGA ACT TTG 36 3 

Lys Tyr Lys Lys Asp Aan Ser Ser Asn Trp Glu Asp Leu Gly Thr Leu 
60 65 70 

GTT GTA AGA AAA GAA GTA GAT CGT ATT GAT AC A GGG TTA AAT GTT GGG 
Val Val Arg Lys Glu Val Asp Gly lie Asp Thr Gly Leu Asn Val Glv 
75 go 



85 



411 



AAG GGA TAC TCT GCT AC A TTC TTT TCA TTA GAA SAG TCA GAA GTT AAT 4 59 

Lys Gly Tyr Ser Ala Thr Phe Pha ser Leu Glu Glu Ser Glu Val Asn 
90 95 100 105 

AAC TTT ATA AAA GCA ATG ACT AAA GGT GGA ACA TTT AAA ACT AGT TTG 5 07 

A*n Phe He Lys Ala Met Thr Lys Gly Gly Thr Phe Lys Thr Ser Leu 
HO 115 120 

TAT TAT GGA TAT AAG GAA GAA CAA AGT GGT GAA AAT GGT ATT CAA AAT 5 5* 

Tyr Tyr Gly Tyr Lys Glu Glu Gin Ser Gly Glu Aan Gly He Gin Asn 

125 130 135 

AAG AAG ATA ATA ACA AAA ATA GAA AAA ATT CVAT GAT TTT GAA TAT ATT 603 
Lya Lyi He He Thr Lys II* Glu Lys Il» Asp Asp Fhe Glu Tyr He 
140 145 150 

ACA TTT TTA ^GA GAT AAA ATT AAG GAT TCA GGA GAT AAA GTT GTT GAA fiSl 
Thr Phe Leu Gly Asp Lys He Lys Asp Ser Gly Asp Lys Val Vai Glu 
155 160 i 6 5 

TAT GCA ATA CTA CTA GAA GAT CTT AAA AAA AAT TTA AAA TAGAAGTTAG 
Tyr Ala He Leu Leu Glu Asp Leu Lys Lys Asn Leu Lys 

170 175 leo 

AAGTATAGGG GAGAACAATT ATG AAT CAA AAA GCA TTT ATT ATT TGC GCT 

Met Asn Gin Lys Ala Phe He lie Cy* Ala 

1 5 



70C 



750 
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12) INFORMATION FOR SEQ I D NO : 2 : 

(i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH : 182 amino acids 

(B) TYPE : arrvino acid 
(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: protein 

(Xi> SEQUENCE DESCRIPTION: SEQ ID NO ; 2 : 

Met Aan Lys Lys Met Phe He Val Cys Ala Val Phe Ala Leu He Ser 

1 5 10 15 

Ser Cys Lys He His Thr Leu Ser Met Tyr Asp Qlu Gin Ser Asn Asn 

20 25 jy 

Glu Leu Lys Val Lys Gin Ser Asn Gly Glu Val Lys Val Lys Lys He 
35 40 45 

Glu Phe Ser Glu Phe Thr Val Lys Tie Lys Tyr Lys Lys Asp Asn Ser 

50 55 60 

Ser Asn Trp Glu Asp Leu Gly Thr Leu Val Val Arq Lys Glu Val Asp 
65 70 75 ao 

Gly He Asp Thr Gly Leu Asn Val Gly Lye Gly Tyr Ser Ala Thr Phe 
85 90 95 

Phe Ser Leu Glu Glu Ser Glu Val Asn Asn Phe He Lys Ala Met Thr 
100 105 no 

Lys Gly Gly Thr Phe Lys Thr Ser Leu Tyr Tyr Gly Tyr Lys clu Glu 
115 120 125 

Gin Ser Gly Glu Asn Gly Jin Gin Asn Lys Lys He He Thr Lys He 
130 135 140 

Glu Lys He Asp Asp Phe Glu Tyr Ho Thr Phe Leu Gly Asp Lys He 
145 150 155 160 

Lys Asp ser Gly Asp Lys Val Val Glu Tyr Ala He Leu Leu Glu Asp 

165 170 175 

Leu Lys Lys Asn Leu Lys 

180 



:2) INFORMATION FOR SEQ ID NO : 3 ; 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 10 anuno acids 
<B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(11) MOLEcULF. TYPE: prnfein 



SUBSTITUTE SHEET (RULE 26) 
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77 



(2) INFORMATION FOR SEQ ID NO : 4 : 

(ll SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1353 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDKDNESS : double 

(D) TOPOLOGY: linear 

(11 J MOLECULE TYPE: DNA (genomic) 
liii) HYPOTHETICAL : NO 
(iv) ANTI-SENSE: NO 



fix) FEATURE : 

(A) NAME/KEY: CDS 

(B) LOCATION: 181.. 1107 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 



GGCCGATTCA TTAATGCAGC TGGCACGACA GGTTTCCCGA CTGGAAAGCG GGCAGTGAGC 
GCAACGCAAT TAATGTGAGT TAGCTCACTC ATTAGGCACC CCAGGCTTTA CACTTTATGC 
TTCCGGCTCG TATGTTGTGT GGAATTGTGA GCGGATAACA ATTTCACACA CGAGACAGCT 



ATG ACC ATG ATT ACG CCA ACC 
Met Thr Met lie Thr Pro ser 
15 



TCG AAA TTA ACC CTC ACT AAA GGG AAC 
Ser Lys Leu Thr Leu Thr Lys Gly Asn 
20 25 



228 



AAA AGC TGG AGC TCC ACC GCG 
Lys Ser Trp Ser Ser Thr Ala 
30 



GTG GCG GCC GCT CTA GAA CTA GTG GAT 
Val Ala Ala Ala Leu Glu Leu Val Asp 




CCC CCG GGC TGC AGG AAT TCC 
Pro Pro Gly Cys Arg Asn Ser 
45 



AAA AGC AAT TTT TTA CAA AAA AAT GTA 
Lys Ser Asn Phe Leu Gin Lys Asn Val 

50 56 



ATT TTA GAG GAA GAA AGT TTA 
lie Leu Glu Glu Glu Ser Leu 

60 65 



AAA ACT GAA TTA TTA AAA GAG CAA TCT 
Lys Thr Glu Leu Leu Lys Glu Gin Ser 

70 



372 
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GAG ACT AGA AAA GAA AAA ATA CAA AAA CAA CAA GAT GAA TAT AAA GOG 420 
Glu Thr Arg Lys Glu Lya He Gin Lys Gin Gin Asp Glu Tyr Lys Gly 
7 5 80 85 90 

ATG ACT CAA GGA AGT TTA AAT TCC CTT AGC GGT GAA AGT GGT GAA TTG 468 
Met Thr Gin Gly scr L«u Asn Ser Leu Ser Gly Glu Ser Gly Glu Leu 
95 100 10 5 

GAG GAG CCT ATT GAA AGT AAT GAA ATT GAT CTT ACT ATA GAT TCT GAT 5l€ 
Glu Glu Pro Tie Glu Ser Asn Glu He Asp Leu Thr He Asp Ser AflD 
110 115 120 

TTA AGG CCA AAG AGT TTC TTA CAA GGC ATT GCA GGA TCA AAC TCT ATT 5 64 

Leu Arg Pro Lya 3er Phe Leu Gin Gly lie Ala Gly Ser Asn Ser He 

125 130 135 

TCA TAC ACT GAT GAA ATA GAG GAA GAG GAT TAT GAT CCC TAT TAT TTA 612 
ser Tyr Thr Asp Glu He Glu Glu Glu Asp Tyr Asp Arg Tyr Tyr Leu 
140 145 150 

GAT GAA GAT GAT GAA GAT GAT GAA GAG GAT GAA GAG GAA ATA AGA TTA 66 0 

Asp Glu Asp Asp Glu Asp Asp Glu Glu Asp Glu Glu Glu He Arg Leu 
155 160 165 170 



AGC AAT CGA TAT CAA TCT TAT CTA GAA GGT GTT AAA TAT AAT GTA GAT 
Ser Asn Arg Tyr Gin Ser Tyr Leu Glu Gly v*i Lys Tyr A«n Val Aap 
175 180 185 



GAA AAA CCT GAT TTA TAC CAA GCA TAT AAA GCA ATA GTA ACG CCA ATC 
Glu Lys Pro Asp Leu Tyr Gin Ala Tyr Lys Aid He Val Thr Pro He 

285 290 295 



708 



TCA GCA ATT CAA ACA ATT ACT AAG ATA TAT AAT ACT TAT ACA TTA TTT 7 56 

Ser Ala He Gin Thr lie Thr Lys He Tyr Asn Thr Tyr Thr Leu Phe 

190 195 200 

TCA ACA AAG CTA ACC CAA ATG TAT TCT ACA CGC CTT GAC AAC TTT GCT 8 04 

Ser Thr Lys Leu Thr Gin Met Tyr Ser Thr Arg Leu Asp Asn Pha Ala 
205 210 215 

AAA GCC AAA GCT AAA GAA GAA GCT GCA AAG TTT ACA AAA GAA GAC CTT 8 52 

Lys Ala Lys Ala Lys Glu Glu Ala Ala Lys Phe Thr Lys Glu Asp Leu 
220 225 230 

GAA AAA AAT TTC AAC ACC TTA TTA AAT TAT ATT CAA GTA AGT GTA AAG 9 00 

Glu Lys Asn Phe Lys Thr Leu Leu Asn Tyr He Gin Val Ser Val Lys 
235 240 245 250 

ACT GCA GCA AAT TTT GTA TAC ATA AAT GAC ACA CAT GCA AAA AGG AAA 94 8 

Thr Ala Ala Asn Phe Val Tyr He Asn Asp Thr His Ala Lys Arg Lys 
255 260 265 



TTA GAG AAC ATT GAA ACA GAA ATA AAA ACT TTA ATT GCA AAG ATC AAA 996 
Leu Glu Aan He Glu Thr Glu He Lys Thx Leu He Ala Lys He Lys 
270 275 280 



1044 
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TTA TTA ATG AGG GAT TCT CTT AAA GAA GTG CAA ACT GCC ATT GAC AAG 

Leu L.u Met Arg Asp Ser Leu Lys Glu Val Gin ser Ala 111 £p 5? 

305 310 

£n Ity ?H Trp ?E TAATTTAAGT ATTTMTTTT TAAAACAGGC TACATAATAT 

315 



GTAAATATCT AGCTTGTTTA AAGTAAAATA ATTAAAGTTC TAGTTGTAAA AAAGTATTGT 
GGATAAGAAA ATGGATTTCG TCAATTTACA AAAGCTATAT TAACTGATTT AGATAAAAGT 
CAAAAATATT GTTATAACCT ATATCAGAAT TGGTAGATTG CCGTGTTTTA AAGTAAGTAT 
TTAGAATAGC TTTTAATATT AAGCTT 



1092 



1207 
1267 
1327 
1353 



(2) INFORMATION FOR SEQ ID NO: 5: 

(ij SEQUENCE CHARACTERISTICS: 

£A] LENGTH: 309 anuna acids 
(B) TYPE: amino acid 

(D) topology: linear 

fii) MOLECULE TYPE: protein 
(Xi} SEQUENCE DESCRIPTION: SEQ ID NO : 5 ; 
Met Thr Met He Thr Pro Ser Ser Lys Leu Thr Leu Thr Ly 3 Gly Asn 



10 



15 



I-y* 3er Trp Ser Ser Thr Ala Val Ala Ala Ala Leu Glu Leu Val A3 p 
Pro Pro Gly Cy3 Arg Asn Se; Lys Ser Asn Phe Leu Gin Ly 3 A3h Val 



45 



lie L.u «u Giu S iu ser Leu Lys Thr Glu Leu Leu Lys aiu Gin Ser 

" 60 

Glu Thr Arg Ly 3 Glu Lys lie Gin Ly S Gin Gin A 5 p Glu Tyr Ly S Gly 

75 80 
Met Thx Gin Gly ser Leu A^n Ser Leu Ser Gly Giu Ser Gly Glu Leu 



90 



95 



Glu Glu Pro n. clu 8er ^ slj Asp L>u T ^ ^ p 



1 1 0 



Leu At 9 Pro Lys Ser Pne Leu Gin Gly II* JQ« cly SeE Aan 3er n# 

115 120 1Z5 

Ser Tyr Thr A*p Glu lie Glu Glu Glu Aap Tyr A,p Arg Tyr Tyr Le, 



140 



A*p Glu A*p Aap Glu Asp Asp SIu Glu a, p ciu clu clu Ue 

150 l " 160 
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3«r Asn Arg Tyr Gin S«c Tyr Leu Clu Gly Val Lys Tyr Asn Val A^p 

165 170 175 

S#r Ala lie Gin Thr lie Thr Lys lie Tyr Asn Thr Tyr Thr Leu Ph* 

180 185 190 

Ser Thr Lya Leu Thr Gin Met Tyr Ser Thr Arg Leu Asp Asn Phe Ala 

195 200 205 



Lys Ala Lys Ala Lys Glu Glu Ala Ala Lys Phe Thr Lys Glu Asp Leu 
210 215 220 

Glu Lys Asn Phe Lys Thr Leu Leu Asn Tyr lie Gin Val Ser Val Lys 

225 230 235 240 



Thr Ala ai* Ajp. Phe Tyr lie Aau Asp ihr His Ala Lys Arq Lys 

245 250 255 



Leu Glu Asn lie Glu Thr Glu lie Lys Thr Leu Tie Ala Lys lie Lys 
260 265 270 



Glu Lys Pro Asp Leu Tyr Gin Ala Tyr Lys Ala lie Val Thr Pro lie 

275 280 285 



Leu Leu Met Arg Asp Ser Leu Lys Glu Val Gin Ser Ala lie Asp Lys 
290 295 300 



Asn Gly lie Trp Tyr 



(D\ TOPOLOGY: linear 
UU MOLECULE TYPE: DNA (genomic) 
(ill) HYPOTHETICAL: NO 
dvj ANTI-SENSE : NO 

I ix) FEATURE : 

(A) NAME /KEY: CDS 

( 6 ) LOCATION : 121.. 1116 

(xi) SEQUENCE DESCRIPTION: SZQ ID NO : 6 ; 

ACTATGTTAA GTTTTATGAT ATCTATCTTA ACATCTAGCT CATAATCTTG ATTGCTACTA 6 0 

TAT AT GT GAT AT AAT GAT AA AA7ATTCTAA TAATATTCTA TTTTAGATAG AGGTAATATA 12 0 

ATG AAT TTA ATA ATT AAA GTG ATG TTG ATA TCC AGT TTA TTT TCT AGC : C c 

M*>- A- • * v ' ' *• ' * - ' - 



305 



(2) INFORMATION FOR 



SEO 



ID NO r 6 



(i) 



SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1490 base pairs 
<B) TYPE: nucleic acid 
(C) 3 T HANDEDNESS : double 



r. 
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3CT TTA GCT AAA GCT TTT GTC TAT GAT AAA GAT ATA GCT GAT AAT AAA 
Ala Leu Ala L y, Ala Phe Val Tyr Asp L ya Asp ll« aI. A * p Asn Lys 

34b 350 3i5 

ACT ACA AAT TCT ACT TCT AAA CTA GAT AAT AGT TCT CTA GAT TTT ATA 

5Cr Thr Sec Lya Leu Aa P Aan Ser s " Leu Asp ser lie 

- 360 365 370 

AAA GAC AAC AAC AGA AGT GGT CGC ACA TCT AGA GCT TTA GAT GAT OCT 
Lys Asp Asn Aan Arg Ser Gly Arg Thr Ser Arg Ala Leu Asp Asp Ala 

375 380 335 

SAA GAA ATT GC-G GTA AAA GAA AGT AAT CAA AAC AGA AAT GAT CAA CAA 
Glu Glu lie Gly Val Lya Glu Ser Asn Gin A.n Arg Asn £p Z£ 

° 395 400 4Q5 

CAA AAT AAT GAA AGT AAA GTA AAA GAA AGT GAA AAA AAC AAT AGC TCA 
Gin am A*n Glu Ser Lys Val Lys Glu Ser Glu Lys Asn Asn Ser Ser 
410 415 42Q 

gTv ^ ff* f AT T T AGT CTT TTA GGC ACA GCT " T GAT GCT 

Gly II. Gin Ala Asp Asp Ser Val Leu Gly Thr Ala HIS Ser Asp Ala 

425 430 435 

^ ^ AAG CAT GAT ACT * GC AGA CAA CCT CAA CTA 

Ser Glu Val Glu Asn Lys Lys Hi, Asp Thr Ser Arg Gin Pro Gin Leu 
44° 445 

CTT AAT AAG GAC TCT AGT GAA GCT AGA GAA GCT AGT AAA ATT ATA CAA 
Leu Aan Lys Asp ser ser Glu Ala Arg Glu Ala ser Lys n. n* ^ 

^60 

AAA GCT TCT ACC TCT TTA GAA GAA GCT GAG AAA GTA AAT GTG GCT TTA 
Lys Ala Ser Thr Ser l.u Glu Glu Ala Glu Lys Val Asn Val Ala Uu 
475 480 4es 

£s ^ I CA GAT ^ ATA *** AGA TTA 5C T ^T AGC 

Lys Glu Thr Arg Ser Lys Leu Asp Lys lie Lys Arg Leu Ala Asp Ser 
450 495 5Q £ 

til I" T T ?™ GCT AGA W AAT TCT AGA ACT AAT GGT 

Ala L V 6 Ser Tyr .eu Asn Asn Ala Arg Lys Asn Ser Arg Thr Asn Gly 

510 515 

SeT lIC ^ rT A 7™ CCC CTT aAT *** GCA ATT GAA AAG GCT 

s?n LCU Pl ° A3n LCU ASP L ^ S Ala Iie Glu Lys Ala 

520 325 530 

III sTr sTr ^ T I CT ?" GTT TAT ACT ^ T ATT GCT 

lie Ser Ser Tyr Ala Ser Leu Asn Val Cy C Tyr Thr Asp Ala lie Ala 

535 540 545 

Jul Hu ff* AAG GAT TTT GAG ^ GCA AAA AGA AAA GCA 

Ala L «u Ala Lys Ala Lys Asn Asp Phe Glu His Ala Lys Arg Lys Ala 
555 560 5fcb 

£1 £1 aTI ^ ^ GCT ™ *** GAT ATA ACT CAT T ^ AGG GGG 

Asn A,p Ala Leu Glu Glu Ala Leu Lys Asp He Thr His Phe Arg Gly 

570 =>?5 5 &0 



264 



312 



360 



408 



456 



504 



552 



GOO 



646 



696 



744 



840 



688 



936 



J ' J - • AAT AAA CAA AAA ;^AA * J 3 2 
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Clu Cer Ala Lya Ser Leu Leu Clu Val Ala Lya Aan Lys Gin Lya Glu 

600 605 610 

CTT AAT GAA AAT ATT ACT AAG ACA AAT AAA GAC TTT CAA GAG TTA AAT 108 0 

L«u Asn Glu Asn He Thr Lys Thr Asn Lys Asp Phe Gin Glu Leu Asn 

615 620 625 

GAT ATA TAT AAA AAA TT<3 CAA GAT ATG GAC TCT AGA TAAGTAAAAG 112 6 
Asp He Tyr Lys Lys Leu Gin Asp Met Asp Ser Arg 
€30 635 640 

TAAAATATTA AAGACCAGCC AGACAATACT TTAAGAGGTT TGGCTTCTTT GTTTATAATA 1186 

CTCTTTTTCT AAACAACACT TTATTTTCTC TT AACTTT AT AGTTTGACTT AAAAAGTCAT 12 46 

TATTTTTAAA TTATTACATG AATT GCCTTG AAT AT CTT T A TTTTTAT AT T ATAATTATTA 13 06 

TTAATATAGA TATTGTTTGC TATATAAGTA CATAACAAAG TTTTATTAAA AAGGAAATAT 13 66 

AAATATTATG CGATTATGTT TAATAAAAAT TTTTATTATA CCTAATTTAG TATTTAGTTC 142 6 

TCTTTTTTGA TTTGAAAGTT GTTCTGGTTT TCTATCTAAA AAATCTATAG AACAGTTTGC 1486 

ATTA 1490 



(2) INFORMATION FOR SEQ ID NO: 7: 

(D SEQUENCE CHARACTERISTICS; 

(A) LENGTH; 332 amino acids 
{ B ) TYPE; amino acid 
(D) TOPOLOGY: linear 

{11} MOLECULE TYPE; protein 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Asn Leu He He Lys Val Met Leu He Ser Ser Leu Phe Ser Ser 

15 10 15 

Phe He Ser Cys Lys Leu Tyr Glu Lys Leu Thr Asn Lys Ser Gin Gin 
20 25 30 

Ala Leu Aid Lys Ala Phe Val Tyr Asp Lys Asp He Ala Asp Asn Ly* 
35 AO 45 

Ser Thr Aan 3er Thr Ser Lys Leu Asp Asn Ser Ser Leu Asp Ser He 

50 55 60 
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Lys Asp Asn Asn Arg St Gi y Arg Thr Ser Arg Ala Leu Asp Asp Ala 

65 70 7S eo 

Glu Glu lie Gly Val Lys Glu S,r Asn Gin Asn Arg Asn Asp Gin Gin 
83 90 95 

Gin Asn Aan Glu s.r Lys val Lya Glu Ser Glu Lys Asn A5n Ser S«r 

100 105 110 

Gly ii. Gin Ala Asp Asp Ser Val Leu Gly Thr Ala His Ser Asp Ala 

115 120 

Ser Glu Val Glu Asn Lys Lys His Asp Thr Ser Arg Gin Pro Gin Lam 

130 135 i^o 

Leu Asn Lys Asp Ser s« slu Ala -a 3 = £ Ly* Iie He Gin 

X " 150 155 i60 

Lys Aid ser Thr Ser Leu Glu Glu AU Glu Lys Val Asn Val Ala Leu 

165 170 175 

Lys Glu Thr Arg Ser Lya Leu Asp Lys He Lys Arg Leu Ala Aap Ser 
190 1B5 190 

Ala Lys Ser Tyr Leu Asn Asn Ala Arg Lys Asn Ser Arg Thr Asn Gly 

195 200 205 

St lie Leu Glu He Leu Pre Asn Leu Asp Lys Ala He Glu Lys Ala 

215 220 

lie Ser ser Tyr Ala Ser Leu Asn Val Cys Tyr Thr Asp Ala He Ala 

230 235 240 

Ala Leu Ala Lys Ala Lys A«n Asp Phe Glu His Ala Ly* Arg Lys Ala 
245 250 255 

Asn Asp Ala Leu Glu Glu Ala Leu Lys Asp He Thr His Phe Arq Gly 

260 265 3 



270 



Tyr Asn Tyr Leu Tyr His Tyr Arg He Asn Asn Ala Asn Asp Ala Met 

5 280 2B5 

Glu Ser Ala Lys Ser Leu Leu Glu Val Ala Lys Asn Lys Gin Lys Glu 

295 300 

Leu Asn Glu Asn He Thr Lys Thr Asn Lys Asp Phe Gin Glu Leu Asn 

05 310 315 320 

Asp He Tyr Lys Lys Leu Gin Asp Met Asp Ser Arq 

325 130 



(2) INFORMATION TOR SEQ ID NO: 6: 

(li SEQUENCE CHARACTERISTICS ; 

CA) LENGTH: 825 base pairs 
(B> TYPE: nucleic acid 
<C) S TRANCE DNESS : double 

' TOPOLOGY- linear 
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rc*nr;s96rt>66io 



(iv) ANTI-SENSE: NO 



(ix> FEATURE; 

(A) NAME/KEY: CDS 

(B) LOCATION : 1. . 825 



(xx) SEQUENCE DESCRIPTION: 3ZQ ID NO : 8 . 

ATG TOT OCT TTT TTA CTT TTA AAT TTA GTA AAT TGT AAA TTT GAT AGT 4 8 

Met Cys Ala Phe Leu Leu Leu Asn Leu Val A«n Cys Lys Phe Asp Ser 
335 340 345 

CTT AAT TTA TCT ACA AAA AGC GTA GAT GAT AAA AAC AAT TCT ATA CCC or 
Leu Asn Leu Set Tin. Lys Ser val Asp Asp Lys Asn Asn Ser lie Ala 
350 353 360 

AAG CTT CTT CAA CAC TTA TCA AAA AGT GAA GAC CAA GCC AAT AAA ACT 144 
Lys Leu Leu Gin His Leu Ser Lys Ser Glu Asp Gin Ala Asn Lys Thr 
365 370 375 380 

TCT ACC TCA GAA GAC CAA AAG GAA TTA GAA ATT ACG GAA AAC AAA GAA 192 
Ser Thr Ser Glu Aap Gin Lys Glu Leu Glu Tie Thr Glu Asn Lys Glu 
385 390 395 

CAG GAA CAT GAA AAA CTT TCA CAA GTA GCA CAA CAT GCT CCA AAC TCA 24 0 

Gin Glu His Glu Lys Leu 9er Gin Val Ala Gin His Ala Pro Asn Ser 
400 405 410 

AAA ATT GAA AAA GTA AAA TCC GAT GGA AAA CCT GTT CCT GGA GAC AAA 2 88 

Lys He Glu Lys Val Lys Ser Asp Gly Lys Pro Val Pro Gly Asp Lys 
415 420 425 

ATT CTT TCT TCA AAT AAA GAT ATT TAC AAT TCT TAT ATC CCA GAA GTA 33 6 

lie Leu Ser Ser Asn Lys Asp lie Tyr Asn Ser Tyr He Pro Glu Val 
430 435 440 

AAA GAG GAA ATT GTT TAT GAA ATT CTT GAA GAA GTG ATA ATT CCC GAA 30 4 

Lys Glu Glu lie Val Tyr Glu He Leu Glu Glu Val He Tie Pro Glu 
445 450 455 460 

ACA AAA ATT CCT GAA ATT ACT GAA GAA GTG ATA ATG CCT ATT CCA CAA 4 32 

Thr Lys He pro Glu lie xnr Glu Glu val He Met Pro lie Pro Gin 
465 470 475 

ACA ATA GAT TTT TAT ATT GAA CCA AGS CCA ATA AGT AGT TTC CTT ACT 48 0 

Thr He Asp Phe Tyr He Glu Pro Arg Pro lie Ser Ser Phe Leu Thr 
480 485 490 

CAA GGG ACA TCA CCA AGT ATT ACA AGT ACA ATA AAA TCA TAT AAA GAA 52 8 

Gin Oly Thr Ser Pro Ser He Thr Ser Thr He Lye Sex Tyr Lys Glu 
495 500 505 
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CTC GCT AAA GAA AAA ATT AAT AAT GGC TTG AAT ATA GTA CAG AAA ATA 57 6 

L«u Ala Lya Glu Lys lie Aan Aan Cly Leu Aan lie Val Gin Lys He 

510 515 520 

ACT CAA AAT ATT GAT AAT ATT ACA GAA AAT TTA AAT TCT AAA GAA ACA 624 
Thr Gin Aan He Asp Asn He The Glu Aan Leu Asn Ser Lys Glu Thr 
525 330 53b 5 4 o 

CCA AAG GAA ATA TCG GGA AAA GAA GTT GAA GAA AAA ATT ACA CAC CCC 672 
Pro Lys Glu He Ser Gly Lya Glu Val Glu Glu Lys He Thr His Pro 
5 < 5 550 555 

ATA TTT GAT CAC ATT ACT GGA AGC GGT AAT AAT CCC GGA CAA GAT TCT 
II* Phe Aep His He Thr Gly Ser Gly Asn Asn Pro Gly Gin Aflp Ser 
560 565 570 

ATA TCC AAT ACA TGG GGC GAA GGA CTT GAA ATT GGT GGT GAT AGC AAT 
lie S«r Asn Thr Trp Gly Glu Gly Leu Glu He Gly Gly Asp Ser Aan 
S75 580 jes 

TTC TTT ACC AAT TTA GAA GAA GTA AGA AGC TCT ATA AGA ACA AAA ATC 916 
Phe Ph« Thr Aan Leu Glu Glu Val Arg Ser Ser He Arg Thr Lya He 

5^0 595 600 

AAA GTT TCT 

Lys Val Ser 825 

605 



720 



768 



<2) INFORMATION FOP SZQ ID NO : 9 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 275 amino acids 
IB> TYPE: amino acid 
<D> TOPOLOGY: linear 

(ill MOLECULE TYPE: protein 

(XI) SEQUENCE DESCRIPTION: SZQ ID NO : 9 : 

Met Cya Ala Phe Leu Leu Leu Asn Leu Val Asn Cys Lys Phe Asp Ser 

Leu Aan Leu Ser Thr Lya Ser Val Aap Asp Lya Aan A.sn Ser He Ala 

20 25 30 

Lys Leu Leu Gin Hia Leu Ser Lys Sei Glu Asp Gin Ala Asn Lya Thr 

35 40 45 

Ser Thr Ser Giu Asp Gin Lya Glu Leu Glu Tie Thr Glu Aan LVS Glu 
50 55 eo 

Gin Glu His Glu Ly 8 Leu Ser Gin Val Ala Gin His Ala Pro Aan Ser 
65 7 ° 75 eo 

Lys He Glu Lys Val Lya Ser Aap Gly Lya Pro Val Pro Gly Asp Lyc 

85 go 95 
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lie Leu Ser Ser Asn Lys Asp lie Tyr Asn Ser Tyr He Pro Glu Val 

100 105 no 

Lys Glu Glu He Val Tyr Glu He Leu Glu Glu Val He He pro Glu 
115 120 125 

Thr Lys 11m Pro Glu lie Thr Glu Glu Val lie Met Pro lie p ro Gin 
130 135 140 

Thr Tim A*p Phe Tyr lie Glu Pro Arg Pro He Ser Ser Phe Leu Thr 

145 150 155 160 

Gin Gly Thr Ser Pro 3*r He Thr Ser Thr Tie Lys Ser Tyr Lys Glu 
165 170 175 

Lsu Ala Lys Giu Lys ; le Asn Asn Gly Leu Asn He Val Gin Lys He 
160 165 190 

Thr Gin Asn Ilw Asp Asn He Thr Glu Asn Leu Asn Ser Lys Glu Thr 
195 200 205 

Pro Lys Glu Tie Ser Gly Lys Glu Val Glu Glu Lys lie Thr His Pro 
210 215 220 

He Phe Asp His He Thr Gly Ser Gly Asn Aan Pro Gly Gin Asp 3«r 
225 230 235 240 

lie S*c Asn Thr Trp Gly Glu Gly Leu Glu lie Gly Gly Asp Ser Aan 

215 250 255 

Phe Phe Thr Asn Leu Glu Glu Val Arg Ser Ser He Arg Thr Lys He 
260 265 270 

Lys val Ser 

275 



12) INFORMATION FOP SEQ ID NO: 10: 

U> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1221 base pairs 

(B) TYPE: nucleic acid 
iC) STRANDEDNESS : double 
ED) TOPOLOGY: linear 

(ID MOLECULE TYPE: DNA [genomic) 

fill) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



<xi> SEQUENCE DESCRIPTION: SEQ TD NO . 1 0 : 
GAATTCCGTG GTGAGCAGGA TGGTAAGGCG CCTGGTGATG CTAGAAATCC GATTGCGCGC fiC 



-J 7' T AAT 3 C T G A T o 3 T GC AA A. 7 G 7' GAA G A C- 7 "'■ ~ 
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TGGTCCACTA 


AAAGATCTTC 


AAGCTGCTGC 


TGCTGATGCT 




GGAAATTGTT 


300 


TGGTGCTGGT 


GGTGGTAATG 


CTAATGCTGA 


TGATATTAAG 


AA&GC GGCT G 




360 


TTCGGTTAGT 


GGGAAGCAGA 


TACTAATACT 


TCAGTAGATA 


^v^MM i >^v? 1 MM 


Lr<jtMAATT CiAA 


42 0 


TCTCCTAAAG 


ACGTTACATC 


ATCAAATAAA 


AAAACTTATG 


ATCCAATCTT 


ACAA GTAGGT 


4 8 0 


TCTAATCAAC 


ATATGTCAGA 


TGATCCTGGT 


GCAAATAATA 


AAGAATCCCT 


AC CAAATT C C 


sin 


AGTCCAGCAA 


TAATACAAAA 


TGACTCGCAT 


GCTCAAAATA 


AT GT AAAGAT 


fVlfl Br» ABUT 


o 00 


AAATCAGCTA 


CTCCACAACA 


TGATCCAATT 


GAACAAAGTA 


ATTTTARAAA 




660 


ACAACAAGTA 


AAACTCCTGC 


TATTCCTTCA 


GAAAAAGAAA 


A 1 MMHoL i MM 


t.1 TAUATUAA 


"72 0 


TTTGCACAAG 


AAGAGTATGA 


GCAAACATCT 


CTTTCAGAAA 


TTAAAAATGC 




7 8 0 


GTTAATCATG 


CTAATrf-Tr:A 


AAA CAAA TT A 


AACAATACAC 


T C C T*T GAGTT 




840 


TATGAAACTT 


TATCAAACTT 




ill nunun 


CAT CTCCTTT 


GAATAGAAAA 


900 


ATAAAGACTA 


TTATGCCTAA 


ATTACAAGAA 


ATGCGTTCTT 


TTATGGAGCA 


AGCAACTAAT 


960 


TCTTGGGTAT 


CTGCTAAAGG 


CATGCTAGA7 


GGGGCTAAGG 


ATAAACTAGC 


AGAATCTATT 


1020 


TATAAAAGAC 


TATACAATGG 


CAATTCATAC 


CGGTTCGGTG 


GCAGTTTTAA 


CGGACGTGAT 


1080 


ATGCAACATG 


CAAAAAATTT 


AGCATACAGA 


GCT ATAGAC T 


TTGCTTCTGC 


ATGCATTGAA 


1140 


TATACACAAA 


AAGCTATTGA 


TTATCTTCAA 


CAGGGAAATT 


CTTGCAAAAA 


AGAAATAGAA 


1200 


AATATATTCA 


AGCTGGAATT 


C 








1221 


(2) INFORMATION FOR SEQ ID NO: 11: 











(l) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 
fC) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

In) MOLECULE TYPE: cDNA 

fill) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



[XI) SEQUENCE DESCRIPTION: SEQ ID NO : i 1 ; 
AGATCCTCGA GAAGATTCAT ACTTTATCTA TG 



(2) INFORMATION FOR SEQ ID NC:12: 



T RAN d r r .3 r 
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(Dj TOPOLOGY: linear 



<il) MOLECULE TYPE: CDNA 

HYPOTHETICAL; NO 
Uv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 12: 
TGTACAAOCT TCTATTTTAA AT T T TTTTT A AGATC 

(?) INFORMATION TOR SZQ ID NO: 13: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 11 amino acids 

(B) TYPE; amino acid 

tC) STRANDEDNESS: not relevant 
(D) topology: linear 

fil) MOLECULE TYPE: peptide 

(lii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

<X1) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
Cys Ain Asn Glu Leu Lys Val Lys Gin Ser Asn 



1 



5 



10 



(2) INFORMATION FOR SEQ ID NO : 14: 



SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 



(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 



(11) 



MOLECULE TYPE: cDNA 



(ill ) 



HYPOTHETICAL: NO 



(IV) 



ANTI-SENSE: NO 



(xi ) 



SEQUENCE DESCRIPTION- sr- 



SUBSTITUTE SHEET (RULE 25) 
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(2) INFORMATION FOR SEQ ID NO : 1 5 ; 

(1) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 18 bast pairs 

(B) TYPE: nucleic acid 

(C) STftANDEDNESS : single 
fD) TOPOLOGY: linear 

Ui) MOLECULE TYPE; cDNA 

(111) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



{xa) SEQUENCE DESCRIPTION: SEQ ID N0:1S: 
TCTGATTTAA GGCCAAAC 



(2) INFORMATION FOR SEQ ID NO : 1 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 18 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNE5S : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(iv] ANTI-SENSE: NO 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 1 6 : 
CATTTCGGTT AGCTTTGT 



(2) INFORMATION FOR SEQ ID NO: 17: 

tl) SEQUENCE CHARACTERISTICS* 
(A) LENGTH: 18 base pairs 
(B> TYPE; nucleic acid 
(O STRANDEDNESS : single 
(D) TOPOLOGY: linear 

Ul) MOLECULE TYPE: cDNA 

fill) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



SUBSTITUTE SHEET (RULE 26) 
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(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 1 7 : 
CAT GAT AC T A GCAGACAA 19 

(2) INFORMATION FOR SEQ ID NO : 1 8 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNES3 : single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: cDNA 
(lii) HYPOTHETICAL; NO 
(IV) ANTI-SENSE: NO 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 1 8 : 
CTAGAGTCCA TATCTTGC 18 

(2> INFORMATION FOR SEQ ID NO: 19: 
(i) SEQUENCE CHARACTERISTICS: 

IA) length: 24 base pans 

(B> TYPE: nucleic acid 

(C) STRAN0EDNT3S : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL ' NO 
(IV) ANTI-SENSE: NO 



(XI) SEQUENCE DESCRIPTION: SZQ ID NO : 1 9 : 
TCTGACGATC TAGGTCAAAC CACA 2 < 

(2) INFORMATION FOR SEQ ID NO: 20: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 bas» pairs 

(B) TYPE: nucleic acid 
(Ci STRANDEDNESS : sinai* 



SUBSTITUTE SHEET (RULE 26) 
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(iv) ANTI-SENSE: NO 



fxi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 0 : 
CCCTCTAATT TGGTGCCATT TG 22 



(2) INFORMATION FOR SEQ ID NO: 21. 

(l) SEQUENCE CHARACTERISTICS: 
(A> LENGTH: 31 base pairs 
(B) TYPE : nucleic acid 
(Ci STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(in) HYPOTHETICAL: NO 

(lv) ANTI-SENSE: NO 



(xl) SEQUENCE DESCRIPTION! SEQ ID NO: 21: 
AGTCGGATCC AAGAT T CAT A CTTTATCGAT G 



(2) INFORMATION FOR SEQ ID NC:22: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Ul> MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(IV) ANTI-SENSE: NO 



EXl) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
ACTCAAGCTT C T ATTTT AAA TTTTTTTTAA GATC 



(2) INFORMATION FOR SEQ ID NO : 2 3 : 



'"' r C L J j ) «* i 
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(il) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
Uvi ANTI -SENSE : NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 3 : 
CCCTCGAGAT GACCATGATT ACGCCA 2 6 



12) INFORMATION FOR SEQ ID NO: 24: 

{ — ) SEQUENCE CHARACTERISTICS. 

(AJ LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
fD) TOPOLOGY: linear 

(il) MOLECULE TYPE : cDNA 

(xii) HYPOTHETICAL: NO 

(iv> ANTI -SENSE : NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 24: 
GGAAGCTTTT AGTAC CAAAT GCCATT I b 



(2] INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH : 26 base pairs 
[B\ TYPE: nucleic acid 
(C) STRANDEDNESS: Single 
(D> TOPOLOGY : lin«ar 

(11; MOLECULE TYPE: CDNA 

(Hi) HYPOTHETICAL; NO 

(IV) ANTI-SENSE: NC 



(xi) SEQUENCE DESCRIPTION: SEQ TO NO : 2 h : 
GAGGATCCAA ATTATATGAA AAGCTTAC 



SUBSTfTUTE SHEET (RULE 28) 
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(2) INFORMATION FOR SEQ ID NO: 26; 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH : 28 base pairs 
<B) TYPE: nucltie arid 
(CJ STRANDEDNES5 : single 
(D) TOPOLOGY: linur 

(ii) MOLECULE TYPE: cONA 

(Hi) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
GAGGATCCAT GAATTTAATA ATTAAAGT 2 6 



(2 1 INFORMATION FOR SEQ ID NO: 27: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE; nucleic acid 
tCJ 5TRANDEDWESS : singl* 
ID) TOPOLOGY: linear 

(11 J MOLECULE TYPE: CDNA 

(ill) HYPOTHETICAL: NO 

(iv) ANTI-SENSE; NO 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
TTCACAAOTA GGACAACATG CTCC 2 4 

(2) INFORMATION FOR SEQ ID NO:2B: 

!l) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
(BJ TYPE : nucleic acid 
(C) STRANDEDNE SS : single 
(D> TOPOLOGY: linear 

(li) MOLECULE TYPE : cDNA 

(ili) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



SUBSTITUTE SHEET (RULE 26) 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 136(a ) 



A. I he indicauons made below relaie \o the microarcams^ rrlerred ic in ihc ucscnpnoii 
on piotf , ' ,f,e , 



Q IDENTIFICATION OF DETOSI1 plasmid | ur *nct deposit art idcnuiieii on an juOiiwd.iI j^icci [X~] 

_ r-r^ 1 



Na/riL- ul dcposiiar* institution 

American Type Culture Collection 



Address m ilepukturx inMtlution HnduJinn punul ende ami courtim 

12301 Parklawn Drive 
Rockville, Maryland 20852 
Unitfid States cf Ame riC3 



7 May 15*96 (07 . 05.96) 



C A DDJTION XL INDICATIONS iivu\r blank it uprui-ahU ■• I li^ inhimuiiuM wummucd mi .ui Jciduumal shcu | 1 



In respect of the designation of the EPO, samples of the de- 
posited microorganisms will De made available until the publication 
of the mention of the grant of the European patent or until tne dafie 
on which the application is refused or withdrawn or is deemed to 
be withdrawn, as provided in Rule 28(3) of the Implementing Regu- 
lations under the EPC only by the issue of a sample to an expert 
nominated by th*> r^uector fPr.ln ?ft(4) RPr : . 



0. DESIGNATED STATES KOR WHICH INUK ATIONS ARE MADE ■// in, m.u^uhu,^ , ( ,v tun '<» .ill { ,<t^tuit<tl Suit, 



EP 



E. SEPARATE FURNISHING OF INDICATIONS t»i>tn >f ,w> wi>in-uhU 



\\w tnJujunnv h*wd bchm will be MihrnUUtJ lu ilu- inicnauon,.! Li»n\iL .aiu rv"'* ,^^,m-i^.n ^ W m (t M k - u^-- j 

Accession number of deposit. 

i 

i 



, .rr.. - ..^-... u 1 . I or Intwn.i.mti.u HiircJL Live nfi 1 



j^^Trii> >nect was rcLCiv ;J w tih the imem.iUtmdl jppltuin.m 



WO 97/42325 PCT/US96/06610 

INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

<PCT Rule I3dwv) 



A. I he indications midc (wmu 1 reUti* to the rmcroor janism rctrned io in it\e description 
on papc \f£ Imc ^2^- 



B. IDENTIFICATION OF DEFOSI1 plasmid p-Vl I urthcr deposits arc identified on an idditjonal shi\'t fiff 



Name of depositt^y institution "| 

American Type Culture Collection I 



Address nf dcfusiun institution 'including postal code and cnurun / 

12301 Parklawn Drive | 
Rockville, Maryland 20852 I 
United States of America j 

I 



7 May 1996 (07.05.96) 



C. \DDITK)N-VL INDICATIONS */««r b/ani tt not a}>t>i<cah{< I hiN inhMTiunon amuniR'd i»n .in uddmunji >heci 



In respect of the designation of the EPO , samples of the de- 
posited microorganisms will he made available until the publication 
of the mention of the grant of the European patent or until the date 
on which the application is refused or withdrawn or is deemed to ! 
be withdrawn, as provided in Pule 28 ( 3 J of the Implementing Hegu- ' 
lations under the EPC only by the issue of a sample to an expert 
nominated by the requester fRiiJ^ 2Rf4i fpci, i 



D. DESIGNATED STATES FOR WHICH INDICATIONS ART MaDF. w „„. tin . „ ttl ,,„ , iU liv , lvn0ICtI y u „. , 



EP 



L SEPARATE FURNISHING OF INDICATIONS -haw htank <f <,m n^hcan/i-, 

1 he indications lisicd h*clo« m ; t| (>c <uhmitKJ lu i V lmemat;c>njl *i jrcji. liicr /-vat'/i '>n y\'ncrm imun: 01 ti* irklicanum ■ 
\ nsnr\>t nt Deposit 

Accession numoer r/ doposi^. 



I or rectum*,' OMicc js* 



[^>^ Thu thivi recctwj uiin inicrnjhon jl jppik.j:i 



Authorized J) If ice' f\ , 

» -J 



I >r Intorr.iiuin.al Uurc^. 



[ j : lm \ruvi v\as icu'iu'J h\ \\w lniL*rnai'.(jn;il Unrest 



Vilhun/cd oil iter 



WO 97/42325 g3/3 PCTOJS9*/06610 

INDICATIONS RELATING TO A DEPOSITED MICKOOKUANISM 

(PCTRule \}bti) 



A. I he indications mscte below rclaie 10 ihc microorganism rvilerrcd to m iht description 
op papi* ^ lifj^MM<^9 , line 



B 



IDENTIFICATION OF DEPOSIT plasmid P~V3 Cypher deposits arc identified on an additional sheet f3T) 



Name n I depositary institution 

American Type Culture Collection 



Address ol dcpoman insttfuiton t winding postal code and courun > 

12301 Parklawn Drive 
Rockville, Maryland 20852 
United States of Amrr^c^ 



7 May 1 996 C C7 . 05 . 96 ) 



\DD1TIONaL INDICATIONS Wemv hUmk .7 nnt uj})tht abn-i ! \\w iniormannti :% continued on jii addmuiu: sheet 



In respect of the designation of the EPO, samples of the de- i 
posited microorganisms will be made available until the publicatioh 
of the mention of the grant of the European patent or until the date 
on which the application is refused or withdrawn or is deemed to 
be withdrawn, as provided in Rule 28(3) of the Implementing Regu- | 
lations under the EPC only by the issue of a sample to an expert I 
nominated by the Reque ster (R ule 23(4] EPC3. ! 



1) DESIGNATED STATES FOR WHICH INDICATIONS AH* MADE >n itu- mJn.un^ix ore hoi htr dcsfviuucJ Vc//o 



EP 



L. -SEPARATE FLRNISHING OF INDICATIONS tlttm- hiunl 7 » o, npphcah^i 



►u indications, listed belo" *wP V ^hmiitcd iu me iwerruiuinjl tktreju bur -j/a-c i/» the ^n-ii/ tmrun oftite ntuicoftotu <■ v 'uov 

i \ \iti\frrr of iJtrpnstl '> 

\ 

Accession number cf deposit. 



r ur rctL'iv liil' L>JV:*.e ^se on»i 



I hi* ihcci u.i> rei-encJ <Mlh the miemaiiurul jppiic.i; 



> jihoju/ed officer 



i A 



1 ,*r International LJjrcjj u»e oni< 



j j t r » i -s Nlieel receded M iht IniL'rr.aitonJ. HuitJt 



WO 97/42325 



93/4 



PCTOJS96/06610 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

fPCT Rule \ >bts) 



A. I he indtcanons made below relate (0 the mttroorpamim referred 10 m ihc description 

B IDENTIFICATION OF DEPOSIT plasmid P 15 Unk, dc^us ^ .dcm^cdTn an oJdu.onat .hect g] 

Hmntc of dcpuiUio institution 

American Type Culture Collection 



Address uf deposits insiifutiun including postal code and country 

12301 Par^lawn Drive 
Rockville, Maryland 20852 
United States of America 





7 May 1996 (07.05. 


96 ) 






C. 4DDITIONAI INDIC *TIONS 


•Zi'uvi* biunk \i not uppUcubh- 


1 ln> mturniauon i\ wonnnucii on an jddmona: >hcvi [ 







In respect of the designation of the EPO , samples of the de- 
posited microorganisms will be made available until the publication 
of the mention of the grant of the European patent or until the date 
on which the application is refused or withdrawn or is deemed to I 
be witndrawn, as provided in Rule 28(3) of the Implementing Regu- 
lations under the EPC only by the issue of a sample to an expert 
nominated by the request^ <Rul«» ?Rf A) FPn 



D DESIGNATED NTATFS FOR WHICH INDIC ATIONS AkF MADE ,„„ ,,// lJt . WU(W ,, rf Vn(t . 



EP 



£ SEPARATE Fl RNISHINC OF INDICATIONS <k-avr blank ,t tun nppin obic , 



I lu indications ii\icd bdo *v \\ tW ht suhmiLU'tJ !u Ihi iriUTTiaiiunjl Bureau '3Kr • v<i ift ihv vrm'nu rxwtr^ n' tin 1 nxUcunotLi i; i> 



Accession number cf deposit. 



0"""- 



1 his 



Authored uJlKi ■ r\ 



" ' iT i HKTTl iil ; i' I' J! Hu'lMU jsf Oil"-- — i 

! 1 1 v> sh ^'i uj^ r^ciuM m [Ik- IniL-rnuttorji Hurcju 



WO 97/42325 



93/5 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

fPf'T R Lik 1 1 1bt\) 



A Ttu inJiudiruns made (xrltm relate to the miLriKWrnsm referred iu in ih*: dcwnpiion 



B IDENTIFICATION OF DErOSI I plasmid p S I unhcr ikposns arc identified on an addiitrmdl shcc-i [xj 



Name or' depositary institution 

American Type Culture Collection 



AJdrL-^s ni dcpotiian inwiiunon nncludm\> postal code a/ui cnitrtm-, 

12301 Parklawn Drive 
Rockvilie, Maryland 20852 
United btdtes of America 



7 May 199b (07.05,96) 



C. ADDITIONAL INDICATIONS i,w MuM 1/ w<iwri/ ( 



I h^v minrmjuon t> vununucd k»n jm addnuMiul ihc 



- □! 



In respect of the designation of the EPO, samples of the de- I 
posited microorganisms will be made available until the publication 
of the mention of the grant cf the European patent or until the date 
on which the application is refused or withdrawn or is deemed to ■ 
be withdrawn, as provided in Kul* 28(3] of the Implemenung Regu- , 
lations under the EPC only by the issue of a sample to an expert j 
nominated by the feQ ue^rnr (Rule 3 flf4) F.PP ) 

D DF.SIGNATtD STATES FOR WIITCH INDICATIONS ARK MADf r.nn. mi./« 



{. Jtioiti l/Tl' not fti) .:f7 (/['j (p'ina*t/ Vffft ' <■ 



EP 



t. SEPAKATF. f\ R-NISHINC OF INDICATIONS Monk n nwhcabiv 



I, ..nn OivdhtLm » ,11 be suhmmcd u« Immunol li.-rwu - . -ft , V ,v,^„ ,ym«a- „*- uW , t , u 



Accession number of dopes; 



Nuirtiir-Kd Ol'lltc 



c 



WO 97/42323 fi PCT/US96/06610 

INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule )jh,s) 



A The tndicmorn mide below relate lo the mtcrooraanism referred io m ihc description 1 
on page ^.yi^WfcofS j0K ^ '^^AJUl^ jp J 

6. IDENTIFICATION OF DEPOSIT piasmxd p 2 I unrter"dcposus arc identified on an additional sheet fx7 I 



Name of depoji(i/y institution 

American Type Culture Collection 



Addrcs\ of dL'posJian insiuulion t including postal code and coumn , 

123C1 Parklawn Drive 
Roc*cvj_lle, Maryland 20852 
United States of America 



iJjie ttf Jepnsii Sunihvr 
7 May 1996(07.05.96) 



t . ADDITIONAL INDICATIONS >k-«w bkmk if not wpUtuMt i I his mrormation :> umiuiu^d on an addling xrn-ji Qj 



In respect of the designation of the EPO, samples of the de- 
posited microorganisms will be made available until the publicatxoli 
of the mention of the grant of the European patent or until the date 
on which the application is refused or withdrawn or is deemed to 
be withdrawn, us provided in Rule 28(3) of the Implementing Regu- 
lations under the £PC only by the issue of a sample to an expert 1 
nominated bv the requester ^RuIp 2fl(4) fpt 



D. DESIGNATED STATES FOR WHICH lNDItATlO'SS ARF MADFh/,;,.- nulKoonm >n>t h* all tkswan-d Sum 



EP 



t SEPARATE Ft RMSHINC OF INDICATIONS */cnw btani if net npplicohh-i 



\ he indications hsicd bcinn « ill fcc ujhmMtcJ in ihc InicfTunonai Huajj Ij'.lt ti>.- n-'K-rai utmuc onfw nuluau o*u v 

Accession number of deposit. 



r or recount OUky use im 



^ric^'t m 3s received w nh ilv iniemyiionjl applu.icpn 



— I or lr.jL-n.iiion.il UufCJU use i>n v — — 

■ 1 ' rm sheet ujv receded the lntcriuiion.nl Hurcj^ 



Miinorued o: r":tcr 



WO 97/42325 



93/7 
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INDICATIONS RELAT1NC TO A DEPOSITED MICROORCAMSM 

IPC 1 Kutc I3fti.vi 



A [ he m-tication* made btluw rtlaie to ine microorganism iclcmU iu in frx Utsenpitun 



on pagt 1 



B IDENTIFICATION OF DEPOSIT plasmid p 7 



J-unbcr deposits ire idcniifted on an iddtuonuJ shec: (X] 



Name of dcposn*ry institution 

American Type Culture Collection 



Address at dcposuar>- institution / including panut etui* una country 

12301 ParJclawn Drive 
Rockville, Maryland 208S2 



i. nmti 



1 j.iu- *i r deposit 
7 May 1996 (07. OS. 96) 



t ADDITIONAL INDICATIONS 'lcu\t biunk ,i not u/>/Wk nt>U li'.i. niinrwiiiun iMommucd on an uikinuMui %tkv: £H 



In respect of the designation of the EPO , samples of the de- 
posited microorganisms will be made available until the publicatioh 
of the mention of the grant of the European patent or until tne date 
on which the application is refused or withdrawn or is deemed to J 
be withdrawn, .-s provided in Rule 28(3) of the implementing Regu- j 
lations under the EPC only by the issue of a sample to an expert 
nominated by thp reque^f^ <Rm1p 2(^4 1 EPC). .. =1 



D. DESIGN ATED SI AT FS FOR WHICH INDK ATIOVN ARF. MADE hi ,fr. uniu uiux 



EP 



E. SEPARATE FURNISHING OF INDICATIONS iU-uyv nloni >i not aptMitabhu 



I he indicjinm> Ksicd tk'ltm u ill tw *urmim:u 



Accession number cf deposit. 



I'll' rcto !"L* Dllu*. ,,ni ' 



I nitrnjiutnji hureau ait oiu> 



WO 97/42325 



93/8 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PC") Rule 



A ' he indications made beiow relate id the mtcroorginum referred 10 in iht dcicnotiop 



io 



B. IDENTIFICATION OF DEPOSIT plASHlld p 9 



f-unhcr deposit* are identified nn an additional sfcect 



Name ordeposiuuy w&imiuon 

American Type Culture Collection 



Add rev* wfdcposiian institution (tnciudtnft pos (at emit ana counini 

12301 Par*lawn Drive 
Hockvilic, Maryland 20852 
United States of America 



Nile nt Jepos.il 
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We claim 

1 An iso La ted DNA molecule comprising a DNA sequence 
which encodes a B, burgdorferi polypeptide, wherein said polypeptide is selected 
from the group consisting of 
5 (a) a P35 polypeptide encoded by SEQ ID NO 4, 

(b) a PI 7 polypeptide encoded by SEQ ID NO 6, 

(c) an M30 polypeptide encoded by SEQ ID NO 8, 

(d) a V3 polypeptide encoded by SEQ ID NO: 10, 

(e) a Jl polypeptide encoded in whole or in pan by the B 
i c burgdorferi DNA sequence contained within ATCC deposit 

(0 a J2 polypeptide encoded in whole or in part by the B. 
burgdorferi DNA sequence contained within ATCC deposit #_, 

(g) serotypic variants of any one of the polypeptides of (a)- 

(0. 

1 5 (h) fragments comprising at least 8 amino acids taken as a 

block from any one of the polypeptides of (a)-(g), 

(i) derivatives of any one of the polypeptides of (a)-<h), said 
denvatives being at least 80% identical in amino acid sequence to the corresponding 
polypeptide of (a)-(h) ( 
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(j) polypeptides that are immunologically reactive with 
antibodies generated by infection of a mammalian host with B. burgdorferi, which 
antibodies arc immunologically reactive with any one of the polypeptides of (a)-(i), 
(k) polypeptides that are capable of eliciting antibodies that 
5 are immunologically reactive with 3. burgdorferi and any one of the polypeptides of 
M-0); and 

(I) polypeptides that are immunologically reactive with 
antibodies elicited by immunization with any one of the polypeptides of (a)-(i) 

2 An isolated DNA molecule comprising a DNA sequence which encodes a 
i o B burgdorferi polypeptide, wherein said polypeptide is selected from the group 
consisting of; 

(a) a P2 1 polypeptide consisting of amino acids 1 - 1 82 of SEQ ID NO 2 

(b) fragments comprising at least 15 ammo acids taken as a block from the 
P2 1 polypeptide of (a); and 

15 (c) a polypeptide that is selectively expressed i n vivo and that 

(1) is a derivative of a P21 polyeptide of (a), said derivative being 
at least 80% identical in ammo acid sequence to the corresponding polypeptide of 
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(2) polypeptides that are immunologically reactive with antibodies 
generated by infection of a mammalian host with B burgdorferi, which antibodies 
are immunologically reactive with a P21 polypeptide of (a), 

(3) polypeptides that are capable of eliciting antibodies that are 

5 immunologically reactive with B burgdorferi and the P21 polypeptide of (a); and 

(4) polypeptides that are immunologically i cacti ve with antibodies 
elicited by immunization with the P21 polypeptide of (a) 



3 An isolated DNA molecule comprising a DNA sequence 
which encodes a B, burgdorferi polypeptide, wherein said polypeptide is selected 
10 from the group consisting of; 

(a) a polypeptide comprising the amino acid sequence set forth in SEQ ID 

NO 3, 

(b) derivatives of the polypeptide of (a), said derivative comprising a 
polypeptide having a block of amino acids at least 80% identical in sequence to 

is SEQ ID NO 3, and 

(c) a polypeptide that is selectively expressed in vivo and that 

(1) is a derivative of a polyeptide of (a), said derivative being at 
least 80% identical in ammo acid sequence to the corresponding polypeptide of (a), 
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(2) polypeptides that are immunologically reactive with antibodies 
generated by infection of a mammalian host with B. burgdorferi^ which antibodies 
are immunologically reactive with a polypeptide of (a), 

(3) polypeptides that are capable of eliciting antibodies that are 
5 immunologically reactive with B. burgdorferi and the polypeptide of (a), and 

(4) polypeptides that arc immunoiogicaiiy reactive with antibodies 
elicited by immunization with the polypeptide of (a) 

4 The DNA molecule according to any one of claims 1 to 3, 
wherein the polypeptide comprises a protective epitope 

> 5. An isolated DNA molecule comprising a DNA sequence 

encoding a fusion protein comprising a B burgdorferi polypeptide according to any 
one of claims 1 to 4 



6 An isolated DNA molecule comprising a DNA sequence 
encoding a multimenc protein, which mulumenc protein comprises a B. burgdorft 
15 polypeptide according to any one of claims 1 to 4 



1 A DNA molecule according to any one of claims 1-6, further 
comprising an expression control sequence operatively linked to the DNA sequence 
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8 A host cell transformed with a DNA molecule according to 
any one of claims I to 7 

9 A polypeptide encoded by a DNA molecule according to any 
one of claims 1 to 6 

5 1 0 A method for producing a polypeptide according to claim 9, 

comprising the step of curturing a host cell transformed with a DNA molecule 
according to claim 7 

11 A fusion protein comprising a B. burgdorferi polypeptide 
according to claim 9 

*c 12 The fusion protein according to claim 1 1 , wherein said fusion 

protein comprises two or more H. burgdorferi polypeptides according to claim 9 t 
each derived from a different strain of B. burgdorferi 

1 3 The fusion protein according to claim 1 1 . wherein said fusion 
protein further comprises an immunogenic B. burgdorferi polypeptide different than 
l s the polypeptide according to claim 9 
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14 A multimeric protein comprising a polypeptide according to 



claim 9 



15. An antibody that binds to a polypeptide according to claim 9 

16 A pharmaceutical composition comprising a ph&nr»aCcuuc*iiy 
5 acceptable carrier and a therapeutically effective amount of a component selected 

from the group consisting of a polypeptide according to claim 9; a fusion protein 
according to any one of claims 1 1 to 1 3, and a multimeric protein according to 
claim 14, 

1 7 A pharmaceutical composition compnsing a pharmaceutical^ 
10 acceptable earner and a therapeutically effective amount of an antibody according 

to claim IS 

18 The pharmaceutical composition according to claim 16, 
further comprising at least one additional immunogenic B. burgdorferi polypeptide 

19 The pharmaceutical composition according to claim 16, 
l S further comprising at least one additional non-5 burgdorferi polypeptide 



WO 97/42325 



PCTYUS96/06610 



- 100 - 

20 A method for treating or preventing B, burgdorferi infection 
or Lyme disease comprising the step of administering to a patient a therapeutically 
effective amount of a pharmaceutical composition according to any one of 
claims 16 to 19 

5 21 A diagnostic kit cornpriiiny * component selected from the 

group consisting of: a polypeptide according to claim 9, a fusion protein according 
to any one of claims 1 1-13, and a multimeric protein according to claim 14, and also 
comprising a means for detecting binding of said component to an antibody 

10 22 A method for detecting B. burgdorferi infection comprising 

the step of contacting a body fluid of a suspected infected mammalian host with a 
polypeptide according to claim 9, a fusion protein according to any one of 
claims 11-13; and a multimeric protein according to claim 14. 

is 23 A diagnostic kit comprising an antibody according to claim 1 5 

24 A method for detecting B. burgdorferi infection comprising 
the step of contacting a body fluid of a mammalian host with an antibody according 
to claim 1 5 
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25 A method for identifying a bacterial gene encoding an 
antigenjc protein which is expressed during infection of a host but is not expressed 
during in vitro culture of the bacteria, comprising the steps of. 

(a) constructing an expression library from the bacterial 

5 DNA, 

(b) screening the expression library wtth a first antiserum 
from an animal infected with the bacteria, 

(c) screening the expression library with a second antiserum 
from an animal immunized with non-viable bacteria or components thereof, and 

10 ( d ) identifying clones that react with the first antiserum but 

not with the second antiserum 

26 The method according to claim 25, wherein the non-viable 
bacteria is obtained from in vitro culture of the bacteria 

27. The method according to claim 25, wherein the non-viable 
1 5 bacteria is obtained from an infected host vector 

28 The method according to any one of claims 25 to 27, 
wherein the bacteria is a spirochete 
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29 The method according to giaim 28, wherein the bacteria is & 

burgdorferi 



30. The method according to claim 29, wherein the host is a tick 
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1 

ATG AAT AAG AAA ATG TTT ATT GTT TOT OCT GTT TTT OCA CTT ATA ACT TCT TOC 
Met Asn i,y» Ly» nt ph* lie vsl cys AJ.A VaI Ms Als L»u 11b s*r s*r Cys 

AAG ATT CAT ACT TTA TCT ATC TAT GAT GAG CAA AST AAT AAT GAG TTA AAA GTT 
Lyi lis Hit Thr Uu Ssr Hst Tyr Asp Glu Gin Ssr An Asn Glu Uu Lys VaI 

109 

AAG CAA AGC AAT GGC GAG GTG AAA GTT AAA AAA ATA GAA TTC TCT GAA TTT ACT 
Lyi Gin Ssr Asn Gly Glu Vsl Lyi Vsl Lyi Lys lit Glu fhm Ssr Glu Fh« Thr 

163 

CTA AAA ATA AAA TAT AAA AAA GAC AAT ACC ACT AAT TOO GAA OAC TTA GGA ACT 
Vsl Lys lie Lyt Tyr Lym Lys Asp Asn Ser Ssr Asn Trp Glu Asp Leu Gly Thr 

217 

TTG GTT CTA AGA AAA GAA CTA GAT GOT ATT GAT ACA GGG TTA AAT CTT GGG AAG 
Leu Vsl VaI Arg Lyi Glu VaI Asp Gly lis Asp Thr Gly Lsu Asn Vsl GXy Lym 
271 J 
GGA TAC TCT GCT ACA TTC TTT TCA TTA GAA GAG TCA GAA CTT AAT AAC TTT ATA 

325 ^ M * **** UU Vai Xan A-n Ii# 

AAA GCA ATG ACT AAA GGT GGA ACA TTT AAA ACT ACT TTB TAT TAT GGA TAT AAG 
Lyi A1a Ms- Thr Lys Gly Gly Thr Phm Lym Thr Ssr L«u Tyr Tyr Gly Tyr Ly» 

379 

GAA GAA CAA ACT GGT GAA AAT GGT ATT CAA AAT AAG AAG ATA ATA ACA AAA ATA 
Glu Giu Gin Ssr Gly Glu Asn Gly II* Gin Asn Lyi Lyi Zls II* Thr Lys He 
433 

GAA AAA ATT GAT GAT TTT GAA TAT ATT ACA TTT TTA GGA GAT AAA ATT AAG GAT 
Glu Lyi lis Asp Asp Phs Glu Tyr lie Thr Phs Lsu Gly Asp Lyi lis Lys Asp 
487 

TCA GCA CAT AAA GTT GTT GAA TAT GCA ATA CTA CTA GAA GAT CTT AAA AAA AAT 
5«r Gly Asp Lys VaI VaI Glu Tyr Ala XI* Lsu Lsu Glu Asp Lsu Lys Lys Asn 

541 

TTA AAA TAC AAGTTAGAAGTATAGG GGAG AACAATTATGAATCAAAAAGCATTTATTATT 
Lsu Lys ••• 



Figure 1 
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-180 

ggccgac^cactaatgcagccggcacgacaggtcccccgactggaaagcgggcagtgagc 
-120 --35- 

gcaacqcaattaatgtgagttagcccac^cateaggcaccccagoct ttacac rrhary- 
-60 «-10* Mf 

c c ccggc c ^giAiattgcgt ggaa c c g c gage gga r aacaa t t t cac acaonaaA cage t 
* X 33 60 

acgaccatgattacgccaagctcgaaattaaccctcactadagygaacaaaagctggagc 

MTMITPSSKLTLTKONKSWS 

90 120 
tccaccgcggcggcggccgctctagaactagtggaccccccgggctgcaggaattccaaa 

STAVAAALELVDPPGCRNSK 

150 i80 

agcaat t r t t tacaaaaaaa tgc aac tt tagaggaagaaag tttaaaaac tgaa t catta 

SNFwQKNVlLEEESLKTELL 

210 240 

aaagagcaacccgagacLagaaaagaaaaaaiiacaaaaacaacaagatgaatacaaagTO 
KEvSETRKEKIQKQQDEYKG 

27G 300 
atgactrraaggaagtttaaattcccttagcggtgaaagtggtgaattggaggagcctatt 

MTQGSLNSLSCESGELBEPI 

gaaag t aa c saa at t ga t c t t ac ta t aga t 1 c t ga c t t aaggee aaagag c t c c t tac aa 
ESNEIDLTIDSDLRPKSFLQ 

390 420 
ggca t tgcaggatcaaacrc tact teat acactgatgaaatagaggaagaggat tat gat 
G I A G S N S ISYTDEIEEEDYD 

450 40O 
cggtattatttaaatgaagatgacgaagatgatgaagaggatgaagaggaaatAagatta 
RYYLDEDDEDDEEOEEEIRL 

510 540 
agcaatcgatatcamtcttatctagaaggtgccaaacataatgtagattcagcaattcaa 
SNRYQ3YLEGVKYNVDSAIQ 

570 600 
acaatcartaagatatataatacttatacattattttcaacaaagccaacecaaatgcat 
TITKIYNTYTLFSTKLTOMY 

rctacacgcctcgacaactttgctaaasccaaagccaaagaagaagctgcaaAgtttaca 
STRLDNFAKAXAKEEAAXF? 

690 720 
aaagaagaccctgaaaaaAacctcaagacctcaccaaactacacccaagta^gcgcaaag 

K E D L EKNFKTLLNY IQVSVK 

750 780 
accgcagcaaattttgtatacataaatgacacacatgcaaaaaggaaattagagaacatt 
TAANFVYINDTHAKRKLEKI 

810 840 
gaaacagaaataaaaacc 1 1 aac tgcaaaga tcaaagaaaaacctga t c ta c accaagca 
ETEIKTLIAKIKEXPDLYQA 

970 900 
cacaaagcaatagcaacgccaatctcatcaatgagggaccccrttaaaqaagtqcaaagc 
YXAIVTPILLMRDSLKEVQS 

gccattgacaagaatggcatttggtactaatttaagtattteatLtttaaaacaggctac 
AIDKNGTWY •*• 

ataa^acgtaaatatgtagcttgtttaaaqtaaaatoattaaagttctagtCgcaaaaaa 
gtattgrggataAgaaaaCggactLcgtcaattr-acaAAaggtacatcaactgatCtaga 
taaaagtcaAaaacattgttataaggtacatcagaAttggtagattgccgtgttttftaag 
caagcacccagaatagctcccaacaccaagccc 
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acta tgttaagttttacgaeatcta tec taacatctagctcata*tc££sax£gctacta 
-60 --io* m 

tatacgcgata^fltgaLaaaatattctaataatatLcLactttaqat aaMat aarjir* 

° 30 60 

acgaatLCaacaactaaaatgacgttgacatccagtttattttctagcttCitcccccgt 

MNLI IKVMLl££LFSSFr 3 c 

aoa 1 1 a t a cgaaaaffc 1 1 *caaa tAaa tcgcaacaagc C t ca g c taaag c c t c t g t c ta t 
KLYEKLTNKSOQALAKAFVV 

150 190 
ga caaaga ta t agct aa caa taaaag t ac aaa tt c cac 1 1 c taaac taga t aa tagt t c t 
DKDIADNKSTNSTSKLDNSS 

21C 240 
ceagaLtctaLaaaaga=aacaacagaagcggccgcacacccagagccctagatgatgct 
wDSIKDNNRSGRTSRALDDA 

2 70 300 
gaag«*a t tggggtiaaagaAag Ui t aaac AgttA t?i tctacaacaaw t dAtgia 

EEIGVKESNQNRNrOQQNNC 

330 2£C 

ayLaaa.gtaaaagaaagcgaaaaaaacaatagcccaggcacacaagcagacgaiagtgrT: 

SKVKESEKNKSSGIQADDSV 

390 420 
ttaggcacagctcattccgatgctagtgaagtagaaaacaagaaacacgataccagcaga 

LGTAHSDASEVENKKHDTSR 

450 480 
caaccccaactacttaataaggactctiagtgaagccagagaagctagtaaaactatacaa 
3POLLNKDSSEAREASKIIQ 

510 540 
aaagc 1 1 c cacc tct t tagaagaagc tgagaaagt aaa tgtggct C taaaggaaacaaga 
KASTSLEEAEKVNVALKETR 

5^0 600 
teaaaACttgataagacaaaaaaatcagctgatagcgccaaatcccactcaaataatgcc 
SKLDKIKRLAD3AKSYLNMA 

630 560 
dgaaaaaattctagaactaacggctctdtactagaaatatcgcccaaccccgataaagca 
RKNSRTNGSILEIl. PNLDKA 

690 720 
atrgaaaaggctartagtagccatgcttcrctcaargctcgctataccgatgcaatt-gct 
IEKAISSYASLMVCYTDAIA 

750 ?ao 
gc t c c agcaaaagc t aagaacga cc c c gagcatgcaaaaagaaaag c aa* t ga t gc t z ca 

ALAKAKNDFEHAKRKANDAL 

810 

gaagaagctttaAaagatataactcattttogggggtacaattatcectaccat taccgg 
EEALK3ITHFRGYNYLYKYR 

870 900 
ataaataatgctaatgacqcaacggagagtgctaaaagtttgctagaggttgccaagaac 

XNNANDAMESAKSLLEVAKN 

960 

aaa c a aa aagaa c t taa t gaoaa t a 1 1 ac tia gac aaa t aaagac c 1 1 c aag a g 1 1 a aa t 
KQKELNENITKTNKDFQELN 

990 996 

ga !:a t a c a taaaAaa 1 1 gcaaga ta t ggac t c t aga t aagt aa a a g t aaa a c a 1 t aaag 

DIYXKLQDKDSR*** 
ac c*gce agacta tac 1 1 taagaggt 1 1 ggc 1 1 c c 1 tg t t C a t aa t ac t c 1 1 1 1 1 c t aaa 
caacaccctattttctcttaACtctacagtLtgacccaaaaagccactaccttcaaacca 

tcacacgaactgccTcgaatatccctattcttatattataattattattaatatagacat 
tgLt£gctatataagtacacaacaaagt.tttALtaaaaaggaaacataaat.attacgcga 
ttAtgtttaataaaAattrtcatcatacccaact-agtatccagttctcrcctttgattc 
gaaagt t gc c c c ggt t c c c ta tc taaaaoa cc t a t a g aacagc c cgcac t a 
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ATGTGTGCTT TTTTACTTTT XAATTTACTA AATTCTAAA? TTCATACTCT 
TAATTTATCT ACAAAAAGCG TAGATGATAA AAACAATTCT ATAGCCAAGC 
TTCTTCAACA CTTATCAAAA AGTGAAGACC AACCCAATAA AACTTCTACC 
TCAGAAGACC AAAAGGAATT ACAAATTACC GAAAACAAAG AACAGGAACA 
TGAAAAACTT TCACAAGTAG CACAACATOC TCCAAACTCA AAAATTGAAA 
AAGTAAAATC CGATGOAAAA CCTGTTCCTC GAOATAAAA? TCTTTCTTCA 
AATAAAGATA TTTACAATTC TTATATCCCA GAAGTAAAAG AGGAAATTGT 

TTATOAAATT CTTGAAGAAC TGATAATTCC CGAAACAAAA ATTCCTGAAA 
TTACTGAAGA AGTGATAATG CCTATTCCAC AAACAATACA TTTTTATATT 
GAACCAAGGC CAATAAGTAO TTTCCTTACT CAAGGGACAT CACCAAGTAT 
TACAAGTACA ATAAAATCAT ATAAAGAACT CGCTAAAGAA AAAATTAATA 

ATGGCTTOAA TATAGTACAO AAAATAACTC AAAATATTGA TAATATTACA 
OAAAATTTAA ATTCTAAAGA AACACCAAAG GAAATATCGG GAAAAGAAGT 
TGAAGAAAAA ATTACACACC CCATATTTQA TCACATTACT GGAAOCOG*A 
ATAATCCCGG ACAAGATTCT ATATCCAAXA CATGGGGCOA AGGACTTGAA 

ATTGGTGGTG ATAGCAATTT CTTTACCAAT TTAGAACAAG TAAGAACCTC 
TATAAGAACA AAAA7CAAAG TTTCT 
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CAATTCCCTCGTpAOCAOOATGOTAAOOCOCCTOOrGATGCrAOAAATCCOAT 
TGCGCGCrOCTA|TT0G0OCTCX3O0CTGGTGCTCGTGCrAATnTCATAATGWT 
ATOAAG AAaAAfflOATAAGO 1 1UJ10L1UC1 1 1UU1 1 nUAOOOGAl 

AGOTGGC^ACTl^^GCrAATQCrAATOCTOATOOTOCAAATCTOAAOAC 
CIUITGAOAATGCTQTTTXSTAAGAAGOATGGTG^ 

QCTGCTGCTGAT|3CnjCAGAAQCOOOOAAATTOTTTOOTaCTOOTGGTG 
TOCTAATOCTOA^OATATTAAOAAOOCOOCTOaOOCTOTTA OI lOXJl 1 / 
GOAAGCAOATAOTAATACTTCAOTAOATAAAAATAaTAACCAAATTOAAl 
TAAAGACGTTACATCATCAAATAAAAAAACTrATQATCCA^ 
TCTAATCAACATATOTCAGATGATCXrrGGTGCAAATAATAAAOAATCCCTi 
AATTCCAGTCCAuCAATAATACAAAATCACrOQCATQCT 

NAAliAAATCAjGCrACrCCACAACATGATCCAATIUAACAAAOt/ 
'AOCCTrACrACAACAAOTAAAA C TCCrUL'l ATTOCTTCAG/ 

AQATGAATTTGCACAAGAaGAGTATCAOCAAACATCTC 
TOOCAOOCAAATTOTTaATCATOCTAATCCTOAAAACaA 

ttatoaaactttatcaaacttg 

agacacat ctort ttgaatagaaaaataaaoactattatoc 
TOUilTLI 1 1 1 atggagcaagcaactaattcttcggtAtc 



ATOQAAGAAAA 
TTTAAAAAT, 
AAATTAAAOCTi 
TTTCAGAAATT, 
ATTAAACAATAI 
TTATTCTCTAA 

CTAAATTACAA< 

TGCTAAAGOCATC^AGATOGOOCTAAOGATAAACTAQCAOAATCTATTTAfAA 
AAG ACTATACAj^TXXXlAATT^TACCXKiTTCGGTGCiCAO 1 1 1 lAACGOACOTOA 
TATOCAACATGCXAAAaAITTAUCATACAOAOCTATAOACI 1 JUC1 .lUlXiCAtt; 

cattcaatata£^ycaaaaagctattgattatcltcaacaaooaaat^ 
aaaoaaataoaaaatatattcaaqctogaattc 
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Sequence 



Gene 


-35 region 


-10 region 


RBS 


ospA 


TTGTTA 


TATAAT 


AAAGGAG 


ospB 






AAGGAG 


ospC 


TTGAAA 


TATA A A 


AAAGGAGG 


ospD 


TTGATA 


TATATT 


AAGGAG 


ospE 


TTGTTA 


TATATT 


GGAG 


ospF 






AGGAG 


cppA 


TTAGTA 


TATAAT 


AGGAGA 


P21 


TTGTTA 


TATATT 


GGAG 


k2 






GGAG 



ospA, ospBy o%pD, and eppA are from A burgdorferi strain B3 1 ; ospC 
is from B. burgdorferi strain pKo; ospE, ospF, p21, and k2 are from 5. 
burgdorferi strain N40. 
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